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APPENDIX A

COMPONENT MODEL SOFTWARE

Software models of the J85 engine are presented in this appendix. Two com-

puter programs are discussed:

* Linearization

* Nonlinear engine simulation

Fortran listings of the two programs are presented in Tables A-l* and A-2.
Both programe wea-e written for the SDS-9300 computer.

The linearization program, discussed in the first part of this appendix, was
used to generate linear engine models for the synthesis of linear optimal

controllers reported in Section IV of Volume I.

The nonlinear engine simulation package is discussed in the second half of
this appendix. This computer program is basically a Fortran version of the

J85 NASA component model of Reference A-1.

LINEARIZATION PROGRAM

The function of this program is to generate linear models of the J85 engine.
A Fortran listing of the program is rresented in Table A-2 and discussed in

t the following paragraphs.

* For the convenience of the reader, all figures and tables are provided at
the end of each appendix.
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LIM
The discussion is divided tnto four sect.ons which correspond with the main

parts of the program:

* Trim point calculation

* Engine dynamics

* Linearization

* Inp-u data

Trim point calculations are discussed in the first subsection, labeled Trim

Routine, where steady-state set points for the engine are computed. This

section of the program calculates the fuel flow required to maintain the

nominal operating condition specified by the input parameters, Trim values

of engine responses are also calculated in this subjection.

Engine dynamics are discussed in the next subsection. A nonlinear dynamic

model of the engine is contained in a subroutine called DYNAMIC. The model

is a reduced order-version of the NASA component model of Reference A-i.

All gas dynamics have been removed from the model so that it contairis only

two states, spool speed and engine case temperature.

The linearization procedure is presented in the third subsection of this

appendix, under Linearization Routine. Engine dynamics are linearized

about a steady-state trim point.

Input data are discussed in the last subsection. Two sets of data are required

to run the program. One set defines the nominal operating conditions, i. e.,

steady-state spool speed, geometry control positions, compressor inlet

pressure, and rotor torque load. The other set contains steady-state engine

component data, i. e., compressor stage data and turbine map data.
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Computations in the linearization program proceed in the following order.

First, engine component data are read in. Then input parameters defining

the nominal operating condition are read. Next a steady-state trim point
corresponding to the input parameters is computed. Finally, a linear model
of the engine is obtained by linearizing the nonlinear engine dynamics about

the trim point.

Trim Routine

rhis section of the program generates steady-state trim solutions of the

engine dynamic equations. inputs to the routine include steady-state spool
speed (N), geometry control position (IGV, BLD, A8 ), compressor inlet

pressure and temperature (P Too). Pxhaust nozzle discharge pressure (P8),
and external rotor torque load (SPLG). Given this set of inputs, the program

* •iteratively computes a steady-state operating point. The computational pro-
cedure is summarized in the next paragraph.

First, steady-state values of the eight input parameters, N, A8, IGV, BLD,

4] 0o To0 P 8. and SPLC, are read in. Then initial guesses for fuel flow (WF),
burner temperature (TB), turbine discharge pressure (PT), and inlet airflow
(Wo) are made. Steady-state values of these four parameters are iteratively

computed in four nested iteration loops. Steady-state values of all of the

other engine variables are computed closed form.

Computations in the routine proceed in a manner Fnalogous to the path fol-

lowcd by a particle of air entering the inlet; i. e., the compressor section is

trimmed first, followed by the burner, the turbine, and finally the nozzle

section.

The compressor is modeled by the stage stacking technique, Each stage is

individually represented by a pair of experimental functions Wg P which

.3



are used tc compute the pressure rise and temperature rise across the

stage. Airflow through the stage Is computed from the steady-state con-

tinuity relation.

P.;. t- 1P T

iT . T .-I'
W continuity W.

ith stage

T. T Ti-1i tp , N]

•w.=
•Pi P-" f2 ,iP, N, Ti=1 (A-1)

W Wi-i

The stages are interconn,,ted, or stacked, to form the compressor model

where the discharge conditions of one stage are the inlet conditions of the

following ttage. Compressor bleed (BLD) and inlet guide vane (IGV) effrcts

are included in the appropriate stages.

Thuz,'. steady-state values of all the compressor variables can be computed

closed form from a kncwledge of the input parametei i, N, IGV, BLD, P

10, and W0 . All of these inputs are specified, except for inlet ai.rflow (W ).

This variable is computed iteratively in the outer iteration loop.

Burner performance is represented by three experimental relations, preL-

sare, drop across the burner (A PB), burner enthalpy (HB), and burner effi-

ciency (nB O together with the steady-state continuity relation. The pressure

drop across the combustor is a function of compressor discharge pressure

(PCD), burner inlet airflow (WB), compressor diecharge temperature (TCD)

and burner temperature (TB).

4



APB = f PCD, WB, TCD, TBm (A-2)

Burner enthalpy is com puted from a real gas experimental relationship

"which is a function o.i buner temperature (TB), burner airflow (WB) and

fuel flow (WF).

HB - f2 tTB, WB, WFI (A-3)

Combustor efficiency is defined as the portion of the heat of combustion that

is available for a gas temperature rise. It is computed from an experimental

correlation of the form

=1 B f3 PBH' ATBJ (A-4)

where

PB = PCD+APB

ATB = TB-TCD

Theoe thLree fuctions, f, f2 , and f3, are functions of the three burner var-

iables, W13, TB, and WF. One of these parameters, WB, i6 computed
closed form (from the continuity relation), as

WB = WCD - WTC (A-5)

where WTC is airflow which is bled from the compressor to cool the turbine.
¶.

The other two paranieers, TB and WF, are computed iteratively in the

inner two iteration loops.

"The turbine is modeled by two performance maps, together with the steady-

state continuity relation. Turbine enthalpy drop ("'HT) and turbine airflow

* '(WT) are represented as functions of burner temperature (TB), burner

h pressure (PB), spool speed (N), and turbine pressure ratio (PHtT).

5
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HT = f1 tN, TB, PRT a

WT = f2 EN, TB, PB, PRT 3A2= T

These functions cannot be evaluated until the variable PRT is computed.

Although WT is established by the continuity relation

WT = WB + WF (A-7)

F PRT cannot be obtained cloced form because the second function, f2 , caniot

be inverted to solve for PRT Thus, PR is calculated in the third iterationT T
loop.

The e~xhaust nozzle is represented as a variable area flow passage capable .

of choking. The mathematical relation is

:i ~~WNp_,TT =KA•A8 f [Ell
""KNA8 A [ (A-8)

PT 8 PT(A8

where

fP 1 PT PT

This expression is used to compute the nozzle airflow (WN).

Compressor inlet airflow (WE,) is systematically changed in the outer itera-

Cton loop until the nozzle airflow computed from the above relation agrees

with nozzle airflow computed from the steady-state continuity relation

WN = WT + WTC (A-9)

Details of the trim routine are presented in the flowchart of Figure A-1.

6
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First, the input variables N, A8 , IGV, BLD, Po0 Top P 8 , and SPLC are

read in. The last variable, SPLC, is a fictitious external torque load ap-

plied io the rotor shaft. If this variable is set to zero, the routine will

identify a steady-state operating point on the engine equilibrium line. Non-

zero values of SPLC cause the routine to identify quasi-steady-state operating

points off of the equilibrium line. Quasi-steady state means that both N =

constant and N = constant; the nonzero N is balanced by the external torque

lead SPLC.

Then, initial guesses of fuel-to-air-ratio in the burner (FAB), burner

temperature (TB), and inlet air'flow (Wo) are made. The parameter FAB is

defined as

FAB WF/WB (A-10)

Thus, guessing a value of FA73 is equivalent to guessing fuel flow.

Next, the integer variables which count the number of iterations are initial-

ized to zero.. The variables are defined as:

ITERM -- number of iterations of the W0 loop

ITER2 -- nL'nber of iterations of the PT loop

ITER3 -- number of iterations of the TB loop

A counter is not assigned to the inner loop, the WF iteration. The variable

III is a switch which is maintained as zero during the iteration prucess and

set equal to one when all loops have converged.

In the next section of the program steady-state compressor variables are

computed. Individual calculations are made for each compressor stage; the

outlet conditions of one stage are inlet conditions of the next stage.

7



* •First, the pressure at the outlet of the inlet guide vanes is computed from

the equation

= P o PRIv 0.005 P (A-Il)IGV 0 IGV o

where the IGV pressiure ratio (PRIGV) is calculated as a function of spool

speed.

=RPR £N)PRIGV IGV

Temperature and airflow, which are constant across the inlet guide vanes,

* are computed as

TIGV 0
(A-12)

WIGV =

The outlet conditions of the inlet guide vanes are the inlet conditions of the

first compressor stage. Airflow in the first compressor stage is computed

from the continuity equation

WC 1 = WIGV (A-13)

This airflow, togeths-r with TIGV and PIGV' are used to compute the axial

component of velocity in the stage:

VWC1D T G (A-14)• Vzl , TGV, PIGV]

which in turn is used to compute the flow coefficient

01 K0 1  vzIN (A-15)

8



The constant K01 in this expression is a function of the geometry of the stage.

Nrxt, pressure rise and temperature rise coefticie its are determined from 1

Sc olt IG VJI (A-16)

T = T C1 IGV)

Not,! the effect of inlet guide vane position is included in the first-stage coef-

ficionts. Finally, the pressure and temperature at the outlet of the stage

are computed.

B1 = IGV ~ ýlPl K< I IGvjv~
(A-1?)

TC1 = TIGV ++1- NK

The constant K in these expressions is also a function of the geometry of
the first stage.

Pressure, temperature, and airflow in the other compressor stages are com-

puted in the same manner as the first-stage data. Calculations Lor the second

and third stages are shown explicitly in the Figure A-1 flowchart.

Compressor bleed effects are included in the third, fourth, and fifth com-

pres~sor stages. Bleed airflow in the third stage (WBL 3 ) is computed from

the relation

WBL 3 = KBLD3 • BLD. PC3! TC3  (A-18)

where
KBLD 3 is the bleed flow coefficient
BLD is the bleed area

PC3 is the third-stage discharge pressure

TC3 is the third-stage discharge temperature

9
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The third-stage bleed airflow is subtracted from the third-stage inlet air-

flow (WC 3 ) to determine the inlet airflow to the fourth stage (WC 4 )

WC 4 = WC 3 - WBL 3  (A-19)

Bleed effects in the fourth and fifth stages are evaluated in the same way.

Compressor discharge relations are evaluated at the end of the compressor

simulation section. The pressure, temperature, and airflow at the com-

pressor discharge are the values at the outlet guide vanes.

PCD = POGV

TCD = TOGV (A-20)

Wý_D W WOGV

Compressor discharge enthalpy (HCD) is evaluated as a function of TCD from

a real gas model,

HCD = HCD [TCDJ (A-21)

Finally, the net change in airflow times enthalpy across the compressor is

evaluated.

(WH)cD WCD HCD + cp(WBL 3 . TC 3 +WBL4 . TC4 +WBL 5 . TC5 )

(A-22)
-c p Wo.T +SPLC

This change is proportional to the compressor torque load on the rotor shaft.

Next, steady-state airflow into the burner (WB) is evaluated as

WB = WCD - WTC (A-23)

where WTC is airflow which is extracted from the compressor discharge to

cool the turbine.

10



Then a test is made to determine if ITER1 equals one. If ITER1 a,

indicating that this is the first pass through the Wo iteration loop, an initial

value is assigned to turbine discharge pressure (PT).

PT = 0.35 PCD (A-24)

If ITERi > 1, the routiz.a goes directly to step 2 since a value for PT has

already been calculated in this case. I

Turbine inlet airflow is then computed from the steady-state continuity rela-

tion

WTOLD = WB (1 + FAB) (A-25)

This is the sum of burner inlet airflow and fuel flow.

Next, the three experimental relations which model burner performance are

evaluated. First, the pressure drop across the burner is computed I]

KB . WB 2
APE = B (0.771 TCD - 0. 35 TB) (A-26)

where KB is a constant. Pressure losses due to both fluid friction and 11
momentum changes from the addition of heat are included in this expression.

The pressure at the burner discharge (PB) is

PB = PCD -APB (A-27)

Next, burner efficiency i B is evaluated as a function of the parameter

PBDTB where

PBDTB = PB (TB -TCD) (A-28)

11



Burner efficiency is defined as the portion of the heat of combustion that is

available for a gas temperature rise. Finally, burner enthalpy (HB) is

determined from the real-gas functional relationship

HB = HB [FAB, TB) (A-29)

The Figure A-1 flow chart shows that turbine enthalpy drop (AHT) is actually

calculated between the computation of burner efficiency and burner enthalpy.
Turbine enthalpy drop is determined from experimental turbine data, i. e. ,

fronmN-&- fB and B Thus the enthalpy drop is

AHT = N-TB" N. - (A-30)

At this point in the routine, sufficient data are available to recalculate turbine

inlet airflow from the heat equation es applied to the burner. The heat equa-

tion specifies that under steady flow condit;ions

--4BURNER - F(WH)BURNER f 0

The amount of heat which enters the burner must equal the heat which exits

from the burner. In terms of the parameters previously identified

(WH)in f (WH)out

or (A-31)

WB. HCD+ Wf ' hFUEL. n = (WB+Wf). HB

This equation is solved for the term (WB + WF) which is the burner discharge

flow. The result is

WB (h EUL 1B " HCD)
WT = (hFuEL - (A-32)

I (hEUEL "B - HB)

12



where WT 1 = (WB + Wf) is the burner. -1s:hirge or turbine inlet airflow.

Note that fuel flow does not appear explic .'iy in this equation, but rather as

the difference WT 1 - WB.

Next, the difference between turbine inlet airflow as determined from the

heat equation (WT 1 ) and as determined from the continuity relation (WTOLD)

is computed, The result is termed turbine airflow error, WTERROR.

WTERROR -WT1 WToLDI (A-33)

The magnitude of this error is the convergence criterion for the fuel flow

iteration loop, If IWTERROR S 0. 0005, the iteration loop is converged.

If I WTERROR I > 0. 0005, fuel flow is updated according to +Lc following

scheme:

WToLD 1/2 (WToLD +WT.)

"WF =WTOLD W (A-34)

FAB = WT/WB

and the rouitine is returned to step 4. The fuel 11ow iteration continues until

the criterion IWTERRORI 0. 0005 is se-isfied.

After the fltI flow iteration conierges, tl,- airflow out of the turbine is com-

puted. This airfiuw is called the nozzle airflow, WN.

WN = WT, + WTC (A-35)

It is assumed that the cooling airflow, WTC, is added back into the flow at

the turbine discharge.

13



Next, turbine enthalpy is computed from the equation

WT 1 (HB - AHT) + WTC • HCD
HT= WN (A-36)

Then the steady-state rotor torque relation,

N -- TORQUE 0

is used to recalculate burner enthalpy. The airflow-enthalpy change across
the compressor is subtracted from the airflow-enthalpy change across the

turbine to determine the net rotor torque.

FSOQU A(WH) A(HTORQUE =A(W)TURBINE - O(SH)COMPRESSOR = 0

This equation is solved tor a new estimate of burner enthalpy, called HBR.

HBR A(WHCD+WN. HT - WTC. HCD (A-37)HR =WT1(-)

The difference between burner enthalpy as calculated from the above equation

(HBR) and burner enthalpy as previously determined from the real gas model
(HB) is termed burner temperature error.

A
TBERROIP =HER - HB (A-38)

A non-zero value of TBERROR indicates that the burner temperature estimate,

TB, is inaccurate. The magnitnidc of this error is the convargence criterion
for the TB iteration loop. If ITBERROR !9 0. 0005 the iteration is converged;

if ITBERROR I > 0. 0005 the estimate of burner temperature, TB, is updated

and the routine returns to step 3.

The change in TB depends on the algebraic sign of TBERROR. If HBR is

greater than HB, TB is increased. if 11tR is less than HB, TB is decreased.
The magnitude of the change in TB, called ATB, is regulated in the routine

14



such that if the algebraic sign of TBERROR changes in successive iterations,
the step size is halved. This procedure guarantees convergence.

Flow conditions in the exhaust nozzle are computed after the TB iteration is
converged. First, the nozzle pressure ratio (PRN) is evaluated

P8
PRN p8 (A-39)N PT

where P. c discharge pressure at the nozzle exit.

The flow condition in the nozzle is determined by the magnitude of PRN. If
PRN > 1, ambient pressure is greater than nozzle pressure and thus zero

flow is assumed. If PRN < 0. 528, the nozzle is choked and if 0. 528 <
PRN < 1, the nozzle is unchoked. A nozzle coefficient is assigned depend-

ing on the flow condition.

KNOZ = 0 if PRN> 1, zero flow

KNOZ = 0. 2588 if PRN > 0. 528, choked flow (A-40)

I:81 V7-1§jf

KNOZ = IPT " Ii 0. 528 < PRN < 1, unchoked flow

Next, turbine airflow is recalculated from experimental turbine data which
is a correlation of the three parameters W T PB rPT N Turbine

airflow computed from this data is

WT 2  N- PB TB (A-41)

The symbol WT 2 is used to differentiate this airflow from the two expres-

sions for turbine airflow previously obtained, WToLD ano WIT1 .

15



The difference between WT 2 and WT 1 is then computed.

PTERROR WT 2 - WT 1  (A-42)

This error is called turbine pressure error because a mismatch between

WT 2 and WT 1 indijcates that turbine pressure is not correct. The magnitude

of this error determines if the iteration on PT is converged. If I PTERRORI

! 0.0005, the iteration is converged. If IPTERRORI > 0. 0005 the estimate

of PT is updated and the routine returned to step 2 for another iteration.

The algebraic sign of PTERROR determines how the value of PT is adjusted.

If PT 1ERROR is positive, the value of PT is increased; and if PTERROR is

negative, PT is decreased. Mechanization of the PT iteration is identical

to tb',. TB iteration (refer to Figure A-1 flow chart).

Following the convergence of the PT iteration, the turbine temperature (TT)

is evaluated as a function of turbine enthalpy (HT) and fuel-to-air ratio in the

turbine (FAT). Turbine temperature is then used to recompute nozzle air-

flow from the isentropic relation

KNA8- K •NOZ PT. A8WN T (A-43)

The constant KNA8 is a contraction coefficient which is a function of spool

speed. The subscript X on WN is used in this expression to differentiate

between the nozzle airflow com-puted here and the nozzle aLrflow previously

computed from the continuity relation, WN.

The difference between WNX and WN is then computed

A
WERROR = WNX - WN (A-44)
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This error is a measure of the accuracy achieved by the outer loop it-,--ation

for inlet airflow, Wo. If jW ERROR ' 0. 00C5, the iteration is sufficiently

converged. If I WERROR I > 0.0005, the value of W is updated and the

routine returns to sten 1. Inlet airflow, Wo, is increased if WERROR is

positive and decreased if WERROR is niegative. The logic associated with

this iteration loop is identical to the logic used in the TB and PT iterations.

Logic for the trim completion switch III is also found in this section of the

routine. The switch controls printout of results obtained from intermediate

steps in the program. Until all four iteration loops have converged to with-

in the specified tolerances, the value of III is zero. Once the loops have all

converged, III is set equal to one and the routine is sent back to the begin-

ning, station 1. Values of the parameters of interest are then printed out

during this final pass through the iteration loops.

Dynmic Subroutine

This section of the program computes derivatives with respect to time of

spool speed (N) and case temperature (TM) given the following set of initial

conditions:- compressor inlet pressure and temperature (P T ), nozzle
0 0

discharge pressure (P 8 ), current spool speed (N), current case temperature

(TM), fuel flow (Wf), and geometry control positions (A 8 , IGV, BLD).

The structure of this routine closely parallels that of the TRIM routinle.

Computations begin at the engine inlet and proceed through the engine to the

exhaust nozzle. Par-ameters associated with the compressor section are

evaluated first, followed in order by burner, turbine and finally exhaust

nozzle parameters,

Initial conditions are specified by the nine input parameters, P 0 , To0 P 8 1 N,

TM, Wf, A88 I.GV, and BLD. Initial estimates of turbine pressure (PT), inlet

17
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airflow (Wo), arid burner efficiency (-B) are also required. Actual values
of these three parameters, PT, W and n•B are computed iteratively in the
subroutines.

The compressor is modeled by the srm- set of mcthematkal relations which
are inoluded in the TRIM routine. Inputs to the compressor section include

spool speed, inlet parameters Woo Pop and T., and compressor geometry
control positions TGV and BLD. Steady-state pressure and temperature rise
maps are used to compute individual stage parameters. The stages are
stacked to form the compressor model; 1 e. , the d.ischarge conditions of one
stage are the inlet conditions oi the next stage. Flow conditiors at the com-
pressor discharge are defined in terms cf pressure (PCD), temperature
(TCD), airflow (WCD), and enthalpy (HCD).

Steady-state burner performance is modeled by the same three experimental
relations which are included in the TRIM routine. Two of these relations
are used to compute burner temperature (TEB) and burner pressure (PB).
T'he third relation is used in an iteration loop to determine burner efficiency

Thermal capacitance effects are included at the end of the burner section.
The rate of change of temperature of the engine case metal is calculated from

the e.quation

T'M KTM (TEL - TM) (A-45)

whF-re TM is the average temperature of thl- metal and KTM is a constant of
proportionality (a function of thermal condactivity and geometric mneasure-
ments). The tempe;'ature of the gas diacharged fronm the burner ('1B) ;s
computed from.

"7TB TEB KTu; TM (A-+6)
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where KTB is a constant similar to KTM. Note that in thermal uquilibrium

these equations reduce to

TEB= TM =TB

Turbine and exhaust nozzle performance are also modeled by the steady-

state relations which are included in the TRIM routine. These functions r'e-

late nozzle airflow (WN), turbine temperatiurc (TT), turbine enthalpy drop

AHT), and turbine airflow (VT) with spool speet, burner discharge pressuIre

and temperature (TB and PB), nozzle area (A 8), and ambient nozzle pres-P88

sure (P 8 ).

Rotor dynamics are considered at the end of the nozzle section. Angular

acceleration of the rotor shaft is computed as a function of enthalpy change,

I K CA(WH)I - (WH)CD
N N T CD(A-47)

ii where A(WH)T is the airflow - enthalpy change across the 'turbine, and

(&WH)cD is the airflow - enthalpy change across the compressor. K is a

constant relating rotor speed in radians per second to rotor speed in revolu-

tions per minlite.

Inlet airflow (W0 ) and turbIne diecharge pressure (PT) are coreputed iterativ. .-

ly in the last section of the program. A gradient search procedure, Newton's

method, is used to find W and PT since they cannot be obtained directly

from the model equations.

A flow chart of the DYNAMIC subroutine is presented in Figure A-2. Details

of the procedure are disnwssed in the folloa Ing paraga aphs.

First, the initial conditions Po0 To, P8 N, TM, Wf, A8 , IGV b Ad BLD arda-' 0' •8
initial estimates W PT, and -n are read in. These variables are obtained

either directly from the TRIM routine or from a previovs call to this sub-,
routine.

19



Then the iteration loop counters are initialized. BotL ITER1 and ITER2

are set to zero. ITER2 counts the number of outer lot p iterations and

ITERI is a loop counter within the gradient search prccedure.

Compressor variables are computed in the next section of the program. The

compressor model included in this subroatine is identical to the mcdel in-

cluded in the TRIM routine.

Inputs to the compressor section inciude inlet conditions W0 , Pop and TO

and compressor geometry control posit±)ns IGV and BLD. Discharge air-

flow, WCD, pressure, PCD, temperature, TCD, and enthalpy, HCD, are I
evaluated in the model. Details of the conmpressor simulation are shown in

the Figure A -2 flow chart and discussed in the TRIM routine dccument-ation.

Next burner inlet airflow is computed from the contirnuity role.tion

"WB = WLeD-WTC (A-48)

where WTC is the airflow which is extracted from the comprassor discharge
airflow to zoo]. the turbine vanes. The fuel-to-air ratio it, the burner is
also evaluate d,

FAD = W[/WB (A-49)

Burner enthalpy is calculated from the heat equation.

FHB = HCD+hFUEL %B FAB (A-50)
0

The term hFUEL • 1B• FAB is the enthalpy increase due to Surning of the

fuel. The current value of burner efficiency, B is also storeC as the var-

iable i•Bo in tb' "j step.

02
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The time derivative of burner case temperature, TM, is determined in the
next step from the thermal capacitance model:

INLET: DISCHARGE:
WT, TB, PBWB, HCD

"CASE TEMPERATURE, TM

FUEL, Wf

First, the combustion temperature of the gas is computed as a function of

FAB and HB,

TEB - TEB tFAB, HBE (A-51)

Then the rate of change of case temperature, TM, is computed from the heat

transfer relation, Equation (A-45):

TM = KTM. (TEB -. TM)

The constant KTM is a function of the thermal properties of the case mater-
ial and the term (TEB - TM) ts the temperature gradient at the gas-metal
interface. Finally, the temperature of the gas discharged from the burner
is computed from Equation (A-46):

TB = TEB - KTB. TM
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KTB is a constant in this equation. Note that if the burner is not in thermal

equilibrium, i. e., TM $ TEB, the temperature of the gas discharged from

the burner, '1B, will not equal the combustion temperature, TEB.

Burner pressure is calculated in the next step.

PB~ ~ = - " WB2

PB P (0. 771 TCD - 0. 085 TB) (A-52)PCD 0

This relation was also used to calculate burner press2.,t: in +%e ET.UM routine. 4

Then the value of burner efficiency is recalculated from the experimental

data relating efficiency to the variables PB, TB and TCD.

= IB [PB (TB - TCD)J (A-53)

The updated value is compared with the previous value •B to determine

if the burner simulation is converged. If the error - •Bo is less than

E-10, the routine pruceeds to the turbine simulation. If 11B - "B I is

greater than E-10, nB is replaced by 1E and the routine returns Po step 2.
0I

The first parameter calculated in the turbine section is turbine inlet airflow,

WT. It is computed from the continuity relation

WT WB + WF (A-54)

Fuel-to-air ratio in the turbine is also computed at this time.

FAT = WF/(WT + WTC) (A-55)

Note that the turbine cooling airflow, WTC, has been added to turbine inlet

airflow in this equation.
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Next, turbine inlet airflow is recalculated from the experimental data re-

lating airflow with turbine pressure ratio, burner temperature, and spool

speed.

WTT = B (A-56)
W~~flAT i. BJ

The subscript CAL is attached to this airflow to differentiate between it and

turbine airflow computed from the continuity relation.

The difference between WTcAL and WT is then taken.

PTERROR ' WTCAL -WT (A-57)

The variable name PTERROR is assined to this difference because it repre-

sents an error in the estimation of turbine discharge pressure, PT. This

error is used in the gradient search portion of the program to obtain a better

estimate of PT.

Nozzle airflow, WN, is computed from the continuity relation in the next

step,

WN - WT + WTC (A-58)

This parameter is used to evaluate turbine enthalpy, HT, from the heat

equation,

HT WT(HB - 6HT) + WTC • HCD (A-59)

WN

where turbine enthalpy drop, AHT, is obtained from the experimental rela-

tion

ALT = NXT....j4 9 " (A-GO)
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Turbine temperature jj then computed from the real gas relation

TT = TT EFAT, -IT3 (A-61)

Airflow in the exhaust nozzle is computed in the next subsection. First,
the preeisure ratio across the nozzle opening is computed,

PRN 8 (A-62)N PT

The value of this coeffc,,ient determines if the nozzle is choked, imchoked or
operating under conditions of reversed flow. This information is conveyed

to -he nozzle airflow equation through the coefficient KNOZ.
II

FNQz = 0 if PRN > 1, reversed flow

r.NOZ = 0. 2588 if PR N < 0. 528, choked flow (A-63)

S(PP

KNOZ = if 0. 528 < PRN < 1, normal flowNO P PTN

Reversed flow is not allowed in the simulation. If PRN > 1, nozzle airflow

is set to zero by assigning KNOz = 0.

After the no;.zle coefficient is computed, nozzle airflow is recalculated frcm

the isentropic relation

KNA8. KNOZ• PT. A8
WNCAL - TT (A-64)

This expressien is also used in the TRIM routine. The subscript CAL is
used to differentiate between nozzle airflow computed from the continuity

relation, WN, and airflow compute,; from this expression, WNcAL.
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Next, the difference between WNCAL and WN is calculated

WERROR C WNCAL -WN (A5)

The name WERROR is assigned to this difference since it represents the

error in the estimation of inlet airflow, W0 . This error, together with

PTERROR' is used in the gradient search procedure to obtain better esti-

motes of the parameters W0 and PT.

Rotor acceleration, N, is computed next from the conservation of angular

momentum.

KN tA(WH)T A (WH)cD (A-66)

N

The symbols M(WH)T and A(WH)CD represent the airflow • enthalpy changes

across the turbine and tne cor.pressor respectively. They are defined as

A(WH)T = WT' ,IHT

A(WH)CD = HCf. WCD-Cp Top W°0 (A-67)

+ cp(WBL 3 • TC 3 +WBL 4 .TC4 + WBL5 TC 5 )

Finally, the errors PTERRQR and WERROR are interrogated to determine

if the outer iteration loop on the parameters PT and Wo is converged. If the
magnitudes of both errors are less than the maximum allowable error, e,

the iteration is converged and the subroutine returns to the main program.

If the test is not passed, new estimates of the parameters PT and Wo are

computed by Newton' a method and the subroutine starts over at step 1.
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In Newton's method the k+1 gradient step is

zk+l = zk- kV ) b k (A-68)[zki -C~zki

where Z is the vector of unknown& and h is tie vector of errors. Thus the
k+l estimate of Z is comp-ited from the kth estimate of Z, the value of the

error function b evaluated a, zk, and the gradient of the error function Vh

evaluated at zk. In terms of the parameters PT, Wo, PTERROR and

WERROR the vectors Z, h and Vh are

TAZ• • (PT. W

hT A CPTERROR. WERRORI

Vh -( PT W ~
bPERROR bPTERROR

F PT bW 1

bbW

Since the partial derivatives in Vh cannot be computed analytically, they are

approximated by finite difference equations in the computer program. For

example,

bPT PT CPT + APT, Wo - PTER PT-APTW)ERRR Eo ERROR 'o-
OPT- 2 APT (A-70)

Thus, both positive and negative perturbations in the unknown variable PT

are considered. Similar expressions could be written for the other partial
derivatives.
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The gradient calculation consists of five intermediate steps. In the first

step, the errors in the h vector arc evaluated, PTERROR and WERROR.

The partial derivatives with respect to PT, aPTERROR/aPT and

aWERROR/aWo, are computed in the second and third steps. These calcula-

tions require two steps because both positive and negative perturbations in

Flr are considered. The other two partial derivatives, bPTERRORa/Wo

and aWERROR/aWoo are evaluated in the final two steps. New estimates

of PT and W are also obtained in the last step from the equation

PTs PT M'PTERROR P1P1ERP'OR I PTERRORSPT aWoE

aWERROR W ERROR LWW W° bPT aw 0 WERROR

(A-- 7l)

where the subscript S is used to denote the updated values.

The actual calculations performed in the subroutine are presented Ih the

Figure A-2 flow chart beginning with the computation

ITER1 = ITER1+l

Logic which differentiates between the five steps of the gradient procedure

is provided through this variable.

In the first step (flER1=1), nominal values of the errors PTERROR and

WERROR are stored under the names F and G. Then the nominal value of

PT is increased by the amount APT and the routine is sent back to location

number 1.
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In the second step (ITERl=2), new values of the errors PTERROR and

WERROR vialuated for a positive perturbation in PT are stored as FX+ and

GX+. Then the current value of PT is decreased by the amount 2APT and

the routine is sent back to location 1. This is eqaivalent to decreasing the

nominal value of PT by APT.

New values of the errors PTERROR and WERROR evaluated for a negative

perturbation in PT are stored as FX_ and GX_ in the third step (ITERl=3).

The partial derivatives with respect to PT are evaluaated from the finite

difference approximations,

BPT ERO -F=(FX+ - FX_)•PERROR • FX

aPT 2APT

(A-72)
W (GX+ - GX_
WERROR - GX =

PT 2APT

Then PT is returned to its nominal value by adding APT to the current value,

"and the nominal value of W0 is increased by AWo. Finally, ýhe routine is

sent to location 1.

Partial derivatives with respect to W- are evaluated in steps four and five

in the same manner as derivatives wit'i respect to PT were obtained in

steps two and three. The resulting finite difference apTroximations are

'PTERROR 4_F (FY+- FYt)

aW •FY 2AW0

(A-73)

BWERROR A Gy- (GY+- GY;

-w° 2AW°0
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These partial derivatives, together with the nominal errors F and G, are

then used to compute the incremental gradient step defined by

-ApTS _ (-F. GY +G- FY)

=::i (A- 74)

I W f (-G FX +F GX)

where APT5 is the incremental change in PT and AWos is the incremental

change in W The symbol D represents the determinant of the partial

"derivative matrix

D = FX" GY-GX FY (A-75)

Before the g adient step defined by the increments A PTS and AWos is taken,

the magnitude of the increments is tested and reduced, if necessary. First

the magnitude of APTS is tested.

I APTsI < 2APT

If this test is failed, the magnitudes of both APT5 tLn AWos are reduced by

the ratio, 2APT/IAPTs!

This adjustment reduces only the magnitude of the gradient step; the gradient

direction is preserved. If IAPTs I is smaller than 2 APT, this adjustment is

bypassed.

The magnitude of AWos is also tested in a similar manner. If 1AWoSI is

greater than 2AWo, the gradient step is further reduced by the ratio,

2AW0 /I AWosI. If jaAWosI is smaller than 2AW 0 , this magnitude adjustment

is bypassed.
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Finally, the current values of PT and Wo are undated,

PT = PT+APTS

(A-76)

Wo = Wo + AWls

the counter ITERI is reinitialized, and the routine is started anew frora

location number 1.

Linearizer

"This section of the program extracts linear models from the nonlinear

engine model. Inputs to the prog-ram include steady-state spool speed (N),

steady-state engine case temperature (TM), fuel flow (Wf), geometry cor-

trol positions (A 8 , IGV, BLD), inlet pressure and temperature (Po0 T0 ),

exhaust nozzle discharge pressure (P 8 ), and perturbation step size (DPERT).

The nonlinear engine model is linearized about the equilibrium operating

point defined by the first nine input parameters. The tenth input parameter

(DPERT) determines the magnitude of the perturbations considered in con-

structing the linear model.

The linear models obtained are of the form

Ax = FAx+GlAu +G2A41

(A-77)

Ar = HAx+D1 Au+D2 ATI

where x is the state vector, u is the control vector, fl is the disturbance

vector, r is the response vector and F, G1, G2, H, DI, D2 are coefficient

matricies. The A symbol is used in these eqi.-tions to emphasize the fact

that the linear models represent perturbations from equilibrium operating

conditions.
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Engine variables included in the x, u, TI, or r vectors are:

x N (spool speed)

TM (engine case eIemperature)

u = WF (fuel flow)

IGV (inlet guide vane angle)

A8 (exhaust area)

BLD (compressor bleed position)

S= 
P (inlet pressure) (A-78)

T (inlet temperature)

P 8 (exhaust nozzle discharge pressure)

r PCD (compressor discharge pressure)

PT (turbine discharge pressure)

TB (burner temperature)

TT (turbine discharge temperature)

It should be noted that additional variables can be added to the response

vector by the user, if desired. The x, u, and 71 vectors cannot be enlarged

as they already contain all the states, controls, ard disturbances which are

included in the nonlinear engine model.

Coefficients in the matrices F, Gl, G2, H, Dl and D2 are computed in the

program by a procedure baied on the linearization method described in I
Reference A-2. Briefly, the procedure consists of expanding the nonlinear

engine model represented by the nonlinear matrix functions f and h,

X A fx, U.-1)
r h(x,u,i) (A-IS) 4
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I in a Tayjor series about the equilibrium operating point defined by the steady-

state Inpat parameters N, TM, WF, A8' !G'V, BLD, PoI To and P8' This
equ.librium point is denoted as (xo, Uo. 71o). Ncte that substituti.on of these
variables, xoO u 0 , and 710 into the nonlinear system equP.tions g-ves

fixo0 , V0 1 To) xo = 0
(A -80)

h(x0 1 uO, 0 ) = r )

The result o! the Taylor series expansion is

ftx~uif )-bfu n) bflx, U,o fl(x, IU,•o V I Uomno)AX +-ru XoUomno)AU

+gf•- (x 1u01 n )An

(A-8;)

h(xur T, " h(xo0 Uoo u 1-1 (xo".'ou % +)A u+(x Iuc Ino)AU

0 a (x 0,u01 n0 )An ,-•• •+ -.h. (Xo, Uo1T 0o),67

which is equi-alent to the linear representation of Equatibns (A-77) if the

following definitions are made.

-x (x, u, ) - f-Kl .10)

Nr - r - r -=-h( 1 h(X U

F (r: Iu ,.r.) (A-821
ax 0 0' 0

G2••(x u n )
an o0 o'
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Bu o ( 03 'y 0 ) (A -82)

D2 = --sxo, Uof 0)

Thus the coefficient matic ies are actually matriciefi of partial derivatives

evaluated a:: the equilibrium point. For example, the F matrix is

a~ �f fl

2 2

6L2.r D2 a f2!Lh

__. (x ( Ud01

.4(.,ln 0 .. s (,., 5 j0

•:. T~~~her e nciote diniensin of the state vctorl x.rce fprta eiaie

Writuten in: therso enginebu variable, thisapth matrix is

S .... a fl a fl f

i(x ,u ,rI fn (x (xu

(A - 8)

==•, where n is the dimen'sinn of the state vector, x.

-• Written in terms of engine variables, thts matrix is

3 NTM (x u o7o)

C)N 0 0 0 c2  sm xi ''oF (A - 8b)

2N ( 0 08'M BT'M (Xo 0U ono)

'E•' iSimilar expressions could be written for the other coefficient matrices.
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Since the partial derivatives in these matrices cannot be evaluated analyti-

cally, they are computed from finite difference approximations in the com-

puter program. The method is illustrated below for the (1, 1) element in the

F matrix.

Sf 1 (x1 + A7 1,P x2o 1 . , x~o. fUoo) f(x 1 0- Axx, 2 0 1... x, I Uoo)

0x (xo0 0Uo 0) 2Ax1

(A- 85)

Thus the procedure involves evaluating the nonlbnear-depeadent function

Efl(x,u,r) in the example] for small perturbatione in the independent variable

(AX 1) about the equilibrium point (xu, Uo,). Both positive and negative

perturbations Ln the independent variable are considered. The results are

averaged to compute the final answer.

In the notation used in the computer program, the partial derivatives asso-

ciated with the coefficient matrices are denoted as

aDXi DX2i - DX11

S 2AX(A-86)
J J

where

DXT (N, T'M, PCD, PT, TB, TT)

XT = (N, TM, WF, IGV, A8 , BLO, 1 0 T0 P 8 )

Thus the engine variables associated with the nonlinear functions f and h
(I. e., time derivatives of the states and responses) are lumped together in

the DX vector. The independent variables (i. e., states, controls, and

disturbances) are lumped together in the X vector. The symbol DX2 is used

in these equations to denote the DX vector evaluated for a positive perturba-

tion in X.. Similarly, DXl denotes the DX vector evaluated for a negative

perturbation in X.
?-
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computations in the program proceed in the following order. First, all the

derivatives with respect to X1 are computed,

bDX i = 1, 2.... NXR

ax 1

where NXR is the dimension of the DX vector. Then all the derivatives with

respect to X2 are computed,

__ _•.aDX.
- X 1=1, 2, ... NXR
ax 2

This procedure continues until all the derivatives have been computed. The

last set evaluated is

bDX.
ax 1 i = 1, 2, . .NXRaxNxrdE

* I

where NXUE is the dimension of the X vector.

A flowchart of the linearization program is presented in Figure A-3. This
flowchart corresponds to the portion of the fortran listing beginning at

statement number 511 in the main program (see listing in Table A-2).

First the par'ameters N, TM, Wf, IGV, A8 , BLD, Po0 TG and P8 specifying

the operating point are input. These variables are obtained from the TRIM

section of the main program.

at Then the perturbation step size DPERT is read in. The units on DPERT
are percent.
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Next the integer variable J which corresponds to the subscript i In Equa-

tion (A-86) is initialized. It is set to zero.

Then nominal values of the variables in the DX vector are computed in sub-

routine DYNAMIC. The nominal values obtained are stored in the vector

DXN.

In the next step the value of J is increased by one. TLhis means that the

partial derivatives with respect to X1 are to be computed first.

Values of the variables in the DX vector are recalculated for a neBative

perturbation in X, in the following steps. However, before the actual cal-

culations are made, the variable X. is tested to determine if I ,R i- ,ro. A

zero value of X. implies that a negative perturbation step in X. cannoc be
taker, since all of the variables in the X vector must always be positive.

Thus if Xj = 0, the calculations for a negative perturbation in X are by-

passed. This condition will be discussed later.

If Xj is nonzero, a negati perturbation in X is computed from the relation,

PERT = X. DPERT

a (A-87) L
Xj = X. - PERT

Then new values of the variables in the DX vector are calculated in sub-
routine DYNAMIC. The new values are stored in the vector DXl and tŽAe

vector DX is reloaded with the nominal values stored in DXN. Finally, the

independent variable X. is restored to its nominal value by adding PERT

back on X.

X. X +PERT
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At this point the values of variables in the DX vector have been computed

for a negative perturbation in Xj. In the next steps the variables in the DX

vector are recomputed for a positive perturbation in XI. However, before
these calculations can be made, the value of X1 is again tested. This time

Xi is tested to determine if its value is close to one, i. e., if IXj-i J is less

than PERT.

The condition X 1 is important because two of the independent variables,
IGV and BLD, are scaled to be in the range 0 - 1. 0. Thus it X, correspondsS
to one of these variables (J = 4 or 6) and X is one, then a positive perturba-

tion in X cannot be computed since it would give Xj > 1. In this case the

calculatfons for a positive perturbation in Xj are bypassed. It should be
noted that this test does not affect the other independent variables since

they are always much greater than one. The calculations performed if

Nxj - 1i is 'ess than PERT will be discussed later.

If Ilx 1i is greater than PERT, then a positive perturbation in X. is

"calculated,

Xj sX+i + PERT

Values of the variables in the DX vector are recomputed in subroutine
DYNAMIC. The results are stored in DX2 and the vector DX is reloaded

with nominal values stored in DXN. Finally, X. is restored to its nominal

value by subtracting PERT from X..

X. = K X- PERT

At this point if both the tests on Xi,

Xj = 0 and lxj- 11 < PERT
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were failed, the values of the variables in the DX vector for a negative per-

turbation in X are stored in DXl and the values of th, variables for a positive

perturbation in X are Ftored in DX2. In this case the values of the partial

derivetives with respect to X. are computed from the finite difference equa-

tion,

;DXi DX2i - DX1i i= 1, 2, ... NXR (A-SR)

W~j 2 PERT

However, if either of the ;ests on X. were passed, then the partial derivatives

must be calculated from a different equation because only one of the vectors

DXI or DX2 can be computed.

First consider the case X.=0. In this case onmy posit- - pert,,.bations in X.

can be computed. Thus iLn te calculations beginning at station 3, first a

positive perturbation in X. is computed from

PERT DPERT v

X. = X. +PERT

(Note that a perturbation in X cannot be computed from PERT Y DPERT

because X.=0. ) Then the values of the variables in the DX vector are com-

puted and stored in DX2, Next, X. is restored to its nominal value

X.=X- PERT

and finally the partial derivatives with respect to X. are computed from the

one-sided finite difference equation

c)DX DX2-DX
=•D D-- i=l, 2, ... NXR (A-89)

bx - PERT
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Similarly, in the case 1Xj-t I< PERT (corresponding to station 4) the partial
-- '-:derivatives are calculated from the one-sided finite difference equation

.DX 1  DXN1 - DX1i
x PERT -i=1, 2,.. NXR (A-90)

since values of DX2 cannot be obtained.

After the partial derivati'wes with respect to X. have been calculated, control

of the routine is transferred to station 2. The variable J is tested to deter-

mine if all the partial derivatives have been computed (J=NXUE). If J is

less than NXUE the routine returns to station 1 to compute the partial deriva-

tives with respect to X+. If J=NXUE, the linearization procedure is

finished.

Input Data

W.... The input data required to run the linearization program are described in this

subsection. Two groups of data are necessary, the program control group

and the component description group.

The program control group includes parameters which define the nominal

operating condition for the engine and parameters which control the lineariza-

tion procedure. This information is input on the four data cards identified

below, cards A-E.

Card-A

(1) ERROR This parameter determines the accuracy of the
4'
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Card B

(1) NX Dimension of the state vector

(2) NU Dimension of the control vector

(3) NE Dimension of the disturbance vector

(4) NR Dimension of the response vector

2 (5) DPERT Perturbation step size used in the LINEARiZATION

rout•r.e

Card C

(1) N Nominal value of spool speed

(2) WINGS Initial guess for inlet airflow in the TRIM routine

(3) SPLC Rotor torque load

(4) IG'v Inlet guide vane position

(5) BLD Compressor bleed position

Card D

1" P 0  Compressor inlet pressure

(2) Ti.. Compressor inlet temperature

The component description group consists of tabulated experimental data

which models the steady-state operating ,taracteristics of the engine compo-

nents. This data is stored on magnetic tape and read into dummy arrays at
'the beginning of the program, Two function subroutines, FUN1 and FUN2,

are used in the program to interpolate between the data points.

The experimental functions contained in this data group are presented in

Tablet A- 3a through A-3x and identified below.
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Table FunctionNumber ID Experimental Function

A-3a Fll ABLB f(BVOB)

A-3b F12 IGVPR = F(N/Nmax)

A-3c Fi3 OGVPR f(N/N max)
Pma=

A-3d F15 = f(02)

A-3e F16 T2  = f(02)

P

A-Sf Fl7 /3P = f(03)

A-3h F19 P4 = f(04)

T
A-3i F10 = f(04)

A-Sj Fill 45 P = f(05)

A-3k F112 T = f(05)

A-31 F113 l6P = f(06)

A-3m F114 V6 = 6(06)

A,-3n F1l5 P7 p = f(07)

A.-3o FIl6 4 / T =(07)

A-3p Fl17 P = f(8)
. 8T

A-3q F118 =f(8)

A-3r Fil9 = fIPB (TB-TCD)J

A-3s F120 KWB = f(N/Nmax)

A-3t F1 BVOB = f(N/N max, T )

- 41



Table Function
SNumber ID Experimental Function

A-3u F2 '2 = f(12 " IGV)

A-3v F3 WT - TBfPT .___. N
N' PB

I. .T PT N
A-3w F4 - f( N

:: T
A-3x F5 2 = f(02' IGV)

Nominal schedules for the two compressor geometry controls are contained

in functions F1 and F1I. Fl gives the nominal setting for the IGV (BVOB) as

a function of spool speed and compressor inlet temperature. Fi1 gives the

nominal setting for the BLD (ABLB) as a function of BVOB. These actuator

schedules wfre obtained from the NASA component model (Reference A-i).

They were not used in the linearization program. Nominal settings for the

IGV and BLD are read in on card C of the program control group.

Functions F12 and F13 are correlations of inlet guide vane pressure ratio

and outlet guide vane pressure ratio with spool speed.

Pressure and temperature rise coefficients for compressor stages 2 through

8 are contained in functions F15 - F118. These coefficients are functions of

a single variable, the flow coefficient Oi.

Pressure and temperature rise coefficients for the first compressor stage a-e

given by functions F2 and F 5.

The coefficients for this stage are functions of both flow coefficient 1 and

inlet guide vane position.
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Burner efficiency is presented as a function of the parameter PB (TB-TCD)
in F119 where PB is burner pressure, TB is burner temperature, and TCD

is compressor discharge temperature.

The constant KWB is determined as a function of spool speed in F120. This
constant is used to determine the pressure loss in the burner.

The function F3 and F4 contain steady-state turbine performance data. The
parameter WT • TB/N - PB where WT is turbine airflow is given as a func-
tion of turbine pressure ratio and the parameter NI '-j*T in F3. Turbine
enthalpy drop ART divided by N • yrm is given as a function of the same two
parameters, PT/PB and NI /'T-, in F4.

NONLINEAR ENGINE SIMULATION

The nonlinear engine simulation program is discussed in this subsection.
This program is a fortran version of the NASA component model of Reference
A-1. A Fortran listing of the program is presented in Table A-i. A listing of
the reduced-order component model is presented in Table A-2.

The function of this program is to sLmulate the trPr.sient response of the
engine to changes in full flow, exhaust area, inle' guide vane position and

compressor bleed position.

A flowchart of the program is presented in Figure A-4. Computations per-
formed in the progran' are summarized in the following paragraphs. A
detailed description of the software is contained in Reference A-1 and in

Sect.on II, Volume I of this report.

First, nominal values of spool speed (N), geometry control positions (A8'
IGV, BLD), compressor inlet pressure and temperature (Pop To), nozzle
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discharge pressure (P and rotor torque load (SPtC) are read ýn. These

parameters define the nominal operating condition for the engine.

A steady-state trim point corresponding to these nominal input parameters is

computed next. The fuel flow required to maintain nominal spool speed is

calculated in addition to initial values of all the engine states X(o) and

responses r(o). It should be noted that the section of the program which per-

forms these calculations is identical to the TRIM routine included m the

linearizLaon program. A detailed discussion of the TRIM routine is included

in the documentation of the linearization program.

Next the control positions u(T) defining the transient to be simulated are
read in. The u vector inclules fuel flow, exhaust area, inlet guide vane

position and compressor blecd position.

The time increment AT a-id simulation stop time FJNTtME are defined in

the following step. Then time iu initialized and the time corresponding to the

first integration step is computed.

T = T+AT

Engine dyrArmica are computed in the next two steps from the nonlinear

engine model contained in subroutine DYNAMIC. This nonlinear model is

described in detail in Section IT, Volume I of this report. Time derivativzs

of the engine states are computed from the nonlinear function f,

x(T) f[x(T), r(T), u(T)]

and t.pdated valu',s of the responses are computed from the nonlinear

function h

r(T + AT) = hLx(l), r'T), u(T)]
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The derivatives are then integrated with a four point Runge Kutta integration

routine to determine the value of the states at time T + AT.

T+AT
x(T + AT) =x(T) + (T)dT

In the final step in the program, the current value o, time is compared with

the stop time. If T a FINTIME, the program exits from the integration loop.

If T < FINTIME, the routine returns to station 1 for an addittional integration

step.
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Table A-I. Nontinear Engine Simulation Program

A-FRTRANd 66j.8J Aw00
S1 0 MENSION V
23 0|MENSION LC!0)#VE20)sKQAL(0O)D .h(•OI*KNR(IS)RAO(I)9KRA0ISi
"3: DIMENSIPN KA(3Q)
61. DtIMENSION wyIWV ),hdtDct0hWv20,,KSLDd&: a0PRB14)
51 C-MM6NWTDATArTr4ME.9T, :ST9P#NIC8T
6: COMMON/DATA/X(39),-'13)*ETA(3)jDXN405)doLitO),D•(iO1,oC.M(iO1,-9: IKýOi.GIPKGALIG.PKV5LaG#KALaG#RTWOjABLpKlGVoWTCoKVe6COOKOALCDoTP--%Wg

8: P'aKALBdKV0'S,,WT.YTPTal(4eIt2*WT,4CD#P%)aWN.Q4NAGeK$PgEE *KI(GVI(3,IgvP91 3RJTVQ

JOS REAL TCTWVOI!CWVO
"11: R:AL ,sK&gNC•ICNNC1NIGVPRd•GV.IKcK3aK' g6K4K7,TL.KEAL~KYcL
1a: REAL KV5L55,KGAL6B,I(VOLC0.IKGALCD,5(.,(B*W5.,(V5O.#KV5LT.CSPUED
1j: REAL KFIGVNCX*KNRDKRADgKAsKaGVhKNAB5NRTTB.ICPV0oCwDo0$CWD1D!CWVI
14: REAL ICYWV 2,ICW ZICWV2#ICTWV2.ICWg3ICWV3.ICTWV3aICWD*4ICWV4
15t RCAL ICTwv4 ,Ic 4s ,Cwvs v w Cwd *.CWVeICTWV6 ICWD? ICWV7
16: REAL ICTWV7,ICW•,ICWVSICYWVSICWSTCwaUVDICWDSBDICTWCDICWCO
171 REAL ICwhC'•)IcWBICPBICHBSICRY.ICRMYaICWFQP.NCINC3,NC4'NCSNC6
so: REAL NC7aNC.NDEPMD.ITER•,MPINTORLKIC
19: REAL. KASICwDOG#NND?

got REAL. KBL.DAK2jN~RAIK51LIG.1KVS1G
Eis COUIVALENCE (ICWDO#WDOx(1 )):CICWVODwvooxD2 ))1|ICTWVO#TWV*NX(8 Ipp: I ,o4ICwD#.'wDj,x(4 ) 0¢cWjpvl,Vxj5 ))* CTCWVIT•WVIRXJG 1

23: 2 )s,(ICWC2.,kWb2&X(? I).aICWV2#WV2#X(B J).IICTWVEsTWV1*Xj9.)
24: 3 ,s(ICWD3*3Daox(IO)),(ICiV3eWV3&X|ct)),(gCTWV32.WVy3Xa(li
25! to ,(IIWD4,WD4..x(13)1,(ICWV4,WV~tx(l*))#(;CIWV4#TWV4#XlllI
163 5 •(I•WD50wD51Xl%6))$(Icwv6o ,W(l?))#(|KTWVB•IWVgsx||e}
271 6 5(ICWD6.WD6.x(I9))a(ICWV6,wWV6.x1ti),||CTWV~atWv6yg(iIt
281 7 ,(ICwD?,WD7,wX.ct11(fcwv7#wv? ,x (R)1,ICyWV?7.WV? ,Ie
29: a )*(ICWDBwDgoX(2)),CIwvBtwv$#xg26)),{ICTWVa, WV&,XtjJ
30: 9 5,(ICwD#,GWDBGxc28)s,:ILwOGvawBevwX29)2,|ICTWeQ,TWeax13MI,

A3: A (!LWDCDJWwDC0,R({51)D:1CWCDDWCDX(33)),FICTWCDDTWCDXI33))
32: s IlCw3sw~aWC3*2 .( ICPSDPI.xifsS 2

33: C .(%N•H5,H5,X(36))p(ICRHYRwTX 37)).(ICRRT 6  -A ))
-34 t 0 #,ILN*NpX(19})f(WVpI(j-If) BVe.U(2)),(A8,U(3) PR[ETA(II)

35.(7, ETaEAjls .P8pETA(3)j
361 EQUIYALENC[ (AOODT Dox(l )1,fwVOO7T *DX( )Slily *DXt3 I)&
37: 1 (4OI'T 'oXi4 )),(WVIDT PDX(5 )),gTý -DX(6 ))s
38: 36 2 1 2D2Y ,#0X7 ))AwV2DT ODX|I ))OITWVl 'bX19 )is
sq.. 3 (wIDO D1 ,DXtO)),wV3VT jDX($1)2(Twv3DO 1XII3I)p
-i0 4 (.WDJOT '0X(I313)WV4DT #DX(ii))d(TWVODT XKill).
'41. 5 :iw5DT a0X(16)1 wv5DT *DX{I?))cTWV3DY *,ýJaIA)),
42: •l 6 (WD6DT aDX|192)aWV6DT &DXcaon).CTWV6DT ADXit2JJ .

7 43: 7 ( ' •JDX(2)WA(WV7DT #OX(j33)a(TWVDT #DX(k4)2.
""4: 8 (WOBDT #DX(25!CWVGDT #DXIl8*)#(TWVIDT *DxIf'llo
4iS: 9 (SDG DT P0X(?&)a#(W5GVDI' #DKIV))#(?WIID' *1XE3Oll
t61 A (WDCDOT ,0x(3))o(WCO0T #DX(]3)),(TWCDD? .OX(13110
47: B iwaDT K(ji'•i),:PBDT 2XE(.5)j .
'is: C (HBOT ,DX(37))j(RHTDT #DX(38))A(RTOT ADXM39) J ...
49: D (NO¶ #DX(39))
50: REWIND 3
51: 6099 CONTINUE

53: RNOD20q
941 READc(5eO0NENupNCDpET ....
55: 8030 F8RMAT(3I2#G4,2*5j
56: RiWINL 7

59: DATA Ke~( B I h,.I,8)I.ou . 0I* 572S•I*OS?,1.0'i1l3,O,4
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Table A-1. Nonlinear Engine Simulation Program (Continued)

6p: M ATA (KvOL( f) I I a8)/l P91nT*30,3 I a %97qT*7vQJk3I-tm3-,I•7I , 1* 53# 13

S.: :ATA (TA(1), 1.1 1h%,)/2554.,,9P,27/

67: DATA •l*~*O/O.%

6b: g£QEAD(7l(!uV(j),ljlAj
6q: i11 *rNIS7Il$ý,Lv 090101)
?: PQLA,)(7)IIuV(c)alss,35)
71: rl* *rNlSLTck(,Cv ,1 q1.pw 3

7p : RL A',)(7 )sjI ýVc(IIoI u.1,2I j
7!: Plp ,FN1SET(2,1GVlo•*P2)
7D 7: A( ,(7( Iv (1) 1#1. ,18)
75: r13 tFNjSLTtSpIGV,#9 3a3)

76q:

an: 977 FbRjAT(IOF3*#)
81, rF6 FrN1SET(6,rGV *2IjA.9j

5;p: QLhO(7)(LoV(I)s 1 vTm313
B3: F17 *FNISLT(7.#IV #17lO.l:

8L A-)7 ijv 0u~l !. ai 3

s"; Fig ,FNISLT:R.1Cv% .13.128j3)
87;

89: PLVr(7)tI0VMi#tT.Is36)
9 C. I v(3 ( ) a.5ýI.9: WLA') css&.077n(IiVU1ueb9,: rllO.rNlSEt(jclQ OV.2O,16f71)
9t: LA,1(7)(IuV( I)uI.Ij321
9'6: •111rFNlSEt(11l1Gv 16#,8s19l

9r, PLAI~f7) ciuvc I ) Ii.is3
9b: QL~r,(5.b677)(!,VVI)),Tm136)

97: Fjjp.rNlSL7 :R#IrViV.1820*21)

99.: rI.,FN1SLT( 1,01v .sj3.?2P3)

103; AL Ar)(T7 I ~uV (I ),# ,nI a 3Q)
104: Pt1sdFNISEY ls, lGV #15#26017)
loF,: RLA ( 7)( b 1 lY )# *(*I 4)

107: rlI os.-NjI kT 16* tv, l3m28s?9)
10 := ' 7)(IUV( I)# I.1 30)

log: F. ,'.,,.tSLT017,I~v oý5•30()311

tIIOw~st:32
112: rlI@,FNI5LTI isIGV ,I0,3Px331

L11: Fr¶9.rNlSLTeilGV #14#,4?3M,31)

117: PEA-t7)(iLvtl):,1ejOd )
112: FI?!.FNISýT(2jsj~v ,20.38,19)

S .EAl.7L. 
1
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Table A-1. Nonlinear Engine Simulation Program (Continued)

"12 1 REA!(7) (kA(j( I I,1 ,8)

;*125: htr~r(7) (.SAC II).I1,I,1126P '4EArR ) 7 1v(I), 41s 0O)
127: F.• A () 7 IGv( I )uIs 21
12k: WEAL( 7 )(yV1(I), tl,5)
125 ",EA•D7 ) (AXfl I), Isa I#A)
127CWEAc7'OFA 1(7 I . 6b)

12k: READ(7) • Y )1 5 1)
13o: 4'EAr(7) (YA1( ) 1 i.?.1* )

13.: WEADC){ (Akl(I),TI,1,1)

137: REAM( 7 ) (IZI ( I ) a u. to1b)
1 3q: '4EAri(7) (At ( I)t # I a I p31)

r13. RE A ) ( ( I )I.' , . II 1.)

142! jJmtj,1143: : 73 zF2a)Zr.iTlXj#

. T£ lE : IRE An 7xi X 1, 1 14

14S-: &417E(9alr 1(21) (

14 rt3x wxvIYE a,9, I14"s )

15tf: 14ETF (9r lb 2 1 1 0i 1. 1

" it• I .R FR tA9#1 C3b.b)

151: 1,6 T3 1UoMAT(/i )

ier: rp . FN?SEtT13,XxiYYeZl#I4Ia1i4,7,)
164: R"A:.(C 7)(h (i )l p I . I o 1 , )

J.•.! ~ ~~~~16t': C t ,( 7 1X 1 I• m • 7
; 167: C.

165 : 2 FI il

15w: 16)3 uP iT(""15 LI ; I I .q " 7,( (I a ,Q9

1•3: •'A!TF(191 pu6t JWATDeAP.7dGS.W ,T%S,r A•';SSPLC
17s : 42.;l '.7

161-: A'JEL An 8 ; *.1 15' / ) wI-

16! 3 * s. *L A:r.IM ,h "

hli"

1448
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Table A-i. Nonlinear Engine Simulation Program (Continued)

18p: <V2AA8 . tP'3

193: OAVAfi a d2'635

197: * 1 15•1:
ila: 4ALCrI u16e30.
Ise: (VLCr 1*9RI
157: O aL .54 7r 3

lap: K(V itA 2*69
195: 'T*4 mO

19c: (VALT *41
191. SPEED 1 3,44oo

192: ICNvNPA¶650;

191: D: C•OINp

191 WTV, Tp
196: 5,ý SL(kT( t1VC/87)

eo3: A8L73 I.IN1IU
197: KQ .I CN(/PTW C,$B*V*GP *•~

196: qRfl a6FUNC

201• !JVPQ.FUNI(2JDNCINJE
20P! P3jVP*.Fubl (3# .Cj' 31
203: TVcJr1 0 T1

20•*: Ills• ,
209; ItEwj.0

203I: VZTxmIP.F0IK(eO~~~K&J•)

P07: IT )•1A (

209: VAP •,rA us

211: Ta

213: 6V10 H2.IL,VFP 915P

2i& CMINUE

217: IrVs.AIu*P-pvcI,,))I/( wDcin).A*DcO)
21m: OL80C.

22o: IF(S!NSF bW!¶CH 3)807308C174
221$ Pc17' CUNT7INULE

223: 8073 Ct NTINUE
224: * o
225: WsNITE(6,s5,) ICNDABLDBVOIGVPQDS5)VPR

22,k: 5901 CBINT!NUL
22q': DU PI 1-11mm
230. j* 1.13
231: OýLL a F-VCI1)/14,7
232: Rw . S~akTcTV(TI1jj/518.7)
233: NCX . ICN/Rtkx
234: ýUdOinWD J-1).A$L

~1235: rPXawptIl.RTNX/CDELX.AcI))

237: c'A(Aj) - K1.WiAC(J)
2 3P P:1 - VZ1X/(KNAD(.J).NCX)
23q: 3t 'TA (1eý*3.4ers6,7sAhJ

I4: C'NThiKUE
Pet: ObPy * FIJK?(pPNPIXB3V6,3)

24?: PSIj~wFuNc ('iPHlX~dVOs9)
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Table A-i. Nonlinear Engine Simulation Program (Continued)

24: 10p
240: 2 Ct NT!I 4UL

24r: oi12.uFUN:%pOTX~s)

4 OSTv.Fý,N1h6,PPIx#P2$

•R"47. G3 •T 10

24e4: 3 CINT I •Ný(UE• X*
pee: DS!T*xmFiN1)16a7pHxaP!c

251; G""l 10
252: 4 CJNT!\UE

25lo: Pb!,Tx.uN(1to ~ x.

"271: 10 CtNTINUE

•i2721 4NRcJ).c!LN.QA~fJn)..p/ac
2- 73: PVC!) U PV(T-.1s(*e.PSIPX.(NRCJ)/TV(1.lfl..3,
Z!57. OSV) 7v(!I.).kNR(J)uPSIIX

2: 
7
Ed ~ VC(I ) TnV( I)/TV( C'

259: T o(j.E0.3j ABL3EWbL

ale•8: I•(jEcJ*•) ABL4UVWL
28 : SFuJ,0.5) .. 8u.WBL

aS•: r•c5r%Sr SWITCH 3)8r75a8o76264: g376 CONTTNUE
628: G0 75 C 1NT0%U1

2657: WITE(6,52.JPVC i
T

VC lCa{CC ,gLsPSITxDvZTX*PH1XaPSIPXPR

28p: 1990 C6NTINUE

2691 20 C•NtTNUE
272: a PNv($).OjvP
293: OrPV PV(t*)*OVPR

297: Tv I Tv(1• )

29*: * 7~wO G,'flG27c: TP3UPOGVP/?vtLj

277.- •w•pOv (I /2

279: TF(JoEsT ) Av/T wb

32;: IFTSEKSE wSITCH 3)8077,807A
301: 078 Ct7TINUE

280:: IthI11hNE;1: .eTR 59O1

303: R,377 CtTIUE
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Table A-i. Nonlinear Engine Simulation Program (Continued)

301#: hNTT(6 1 3)
305: ýRT(*,i P'1OG*0VwBTLEF3*R3T2
306: 5903 CONTINUE
307:' u

30p: PCD - POGv
300: TDT~
31T: CALL PReObM(0.TCOD&CPCDDGMCDoGMCDKDI.COIIFAI
alt:* wCo .46Gv
31p2 14D FCL,./KVPLCt)

314'. h!Cu .0 3 3*#01131
31.t: DLCn.IoHCU.W#CD+e?4..(4BLTSL-WD 10).TV( 10) ).SPLCJ
31@.: KNAl *PIJNX(IpeICNe3A)u.975
317: It: SENSE. 6bITCH 3)8170o5171
319: a171 CONTINUJE

319: !FCIJI.NE.12 uO5Tfl 590'
32C: 8170 CINTINUE

321: WktTEc6,5u)
32p: hH!RTFc6,5k)jPCD7CDoW~C0,aCDL.WNC,h0KJA8

323: 5904. CONtTINUE
324: J012

325: KWa.ruNcIeo0preRATs36)

327: IFlIE'4 1.L0.1, PT..35.PCD
329; 2P0 CONTINUE
33r.: 1rEQ2.lYEk2*1

33?-,wTthL.(1..FAS)*b.H
3332 221 NR77q.ICN/S5,RT(TP)
334.2 !'ER30TEn3,:

33f.' 04LP8a*Kks.k.m.P/PC~o.771.TCo-..oss.Te,

ETA.3 *FuNI(19.PFiflLTB.34.)
339: *~j.pyF
34.-: LCRTvfli * FUNkc4,PTPE1sNR7TB.72

34P2: 222 CA.LL. PNGCbM(FAB#fleC0-3iM5,l''*4XDI.JSo.A)
36.1' It(srNSr SIWITCH 4)80948nM9i
344.: S091 CONTINUE
34ct AT,,~n. je6'so..Ey~hi.CD)/j¶P6hIC).E~tA2-Hi.q

147: K.IE~.AjS(wTI~wTftL0)

3i0: ::::O?2
349 B 2 4CTpNU.E... 05  Ot 2

356: 02.l.
351: FABv~wF0a8
352: 22 49L.bT1..TL L).
3519Uf 2

357: G07TA022

*361.: d ! 2
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Table A-i. Nonlinear Engine Simulation Program (Continued)

365: 75EQRftHbR.Wi.
366: ?F(TER*uT*.u*OCS) G06T6 225

367: :VCTBFRR.LT...Qcob) G5T5 228
368: GOTA 229
369: 225 1r(t0?92)226?26287
370: £26 VTBxsaDTBsX*5

*37$: 227 tguT6.DT(3A
372: GUTa P21
373 2258 !F(DTBX)227.227,?26
371b: 229 CONTINUE
375: oOPT.pO/PT
376: 2 F(PoPT-.b2a)233#233#230
377: 230 V(CPoPT.I.)p3p*231231
378: 231 hN7<NpW0.
379: GOTe 234
380: 232 WNTKNPU popT*.(l./$.4)*SQRT(.*-POPT**1(4/1*l))
351: CefT8 ?34

38p: 233 WNTKNPu.2588
363: 234 CONTINUE
354: hTTNPBsFUN2I3JPTPBDNRTTBj5)
385: I T2.hITNPd.PB/TB*.CN
396: ;,TERR•wT2-WT1
367: P40 7(PTERR3 W T,2•O71 GOTe ?))

359: GUT@ 250
390: Z41 1F(DPTX)24222•,P43

391: 242 DPTx•.DPTXc.5
392: 243 pTaPT*DPTA
393: 38T7 220
394: 245 0I(0PTX)243*2•3sP42
395: 250 CýNTINUE
396: FAT.WF/KN

39TT Tt•TrNH
2 1*FAtHTTV)

3901' IP4SENSE SWITCH 4)8098#8092

3995 8052 rUNTINUE1*001 WNXs(KNAttPT•wNTKNPeA4)/SgYT{T)

402; IF(IVIIEgL) w OTl 60
4fl3: IF(wNERR.To.-.05) GQT7 5951
404: !F(WNERR.LT,.-.005 G0T8 595S

405: G1•1*
#*0p: GOTe 99

407: 5951 IF(D*INX)595,S595?05953
40p: 5952 DwINx*-DwjNXo,5

409: 5953 WZN.wIN*DwINX
410: GUTe 99

"'11: 59-5 :F(Dw:Nx)5953*59g335952
*1? 60 CONTINUE
413: DL'wT.HE**T1.WC0ewTC-HT*wN

'b1': WPM a 60o*
415: w11TE(6*561
416. kAITE(6,52I JoPB•?•W•TA•B#*PTPB#NRTTB*DWTNTWTTNPB
*17: * 13
•I*I: PRITE(6#57)
4191 ý."ITE(6*52)jPTsyTjTWT$,WFVT,0)LWNTWNWNT7NPDAS
42): wITE(6 ,2j051!TERtITER lEt3E3

421: nn•8 FURAT(IHWO 5X MSITERI s Z505Xa88TEQ £ IsS5X*,SITER3 * 15I

422: 50 FVRMAT(CI*IIX,*NN a #FSI.24x,6wABL a aFSe4*4Xe6B4v• w ,FP84#.X#

423, W•M£NvPR a sFs.4,*XKDHSGVPR a jF•s4)

*24: 51 bRMA¶T(C10o3x 4 1HJ.5X,•HPV(I1 Vw.SWTVeI gx.SWOD(J).AX.6NWBL(JJ.Sx

42%: *6SPSIT ,,oX,6H4ZT(J2),X,62PN!J)17XED71P |(J),9xS1Pq(J))
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* Table A-i. Nonlinear Engine Simulation Program (Continued)

426: 52 FdRMAT(C1.4OD g14 46T5 -
1427: 53162s•: 114LFP?3jlox*4wPRPI,•OX#41TRp4)

6429: 54 rFR!IAT(lHO#3X3l 1?x1XD3PCDmttpUHTCO*lUxo3•CDD1x3ED iTC*DXDSbOL*I.
143 "1: JC*1nX#4WKN~AA,
h431: 56 FtRA~~j3#1jloHBIXT~PpWBlX4E~o~#iýB
432: :ioXaiwPTPo,9xa5••RTTBaaX6.D7TN7Bu8X,,HwTTNPBI
433: 57 FORMAT•TCI 3XI i.Jo6Xo2WPTI 2•s•TT•I2X•?N•Tol2x&?HWF*IX,•H•TO9•5
434: i•LaT1IxjNaRxa6HANTKNP,12X,2.A8)
0635: ICPV0 a PVCtO,
436: IC4DOQO50l(O)
437: ICWD~ltDC111
438: ICwvIlwv411)439: ICToVjfTwv(jj)

442: IcwvpmpW(12)
4412: ICTWV.y w(1p)

4445: tCv3gTv(13)" 445: ICT~v3fywv(l3)

447: ICV4.wd(14)

449: lCA05'O415)
4 50: ICwv5.Wv,• 5)
651: ICTWvsmTwv(15)
45p: w6vhDt16~)
453: ICWv6,hi(16)
4541 ICTWV6BTWV(16I

4515: ILW07@,DC17)
4 656: IrWV7.kiV(17)
457: !CTWv7&Twv(17)

458: 1C"Dl8G.il1)
459: ICWVMNWV(1s)

466c 1CT4vRArTiV~jo
1661: IC~wMG s TwOG
466: lCWOGva *e~GV
463: IC#D8G a *WOG
464: ICTWCD a TWCD
165i ICwCO a wcb
'66: ICWDCD ff ADCD

467'. ICUB .*W4615: XCpB • pd668: iCP•j •

469: ICHB . HB
47o: ICRT *PT/K4/TT
4711 ICRwT * HTsICRT
47p: ICTWVO 0 ICPVO/KVOLIG
473: ICwvo 0 ICTWVO/Tvo
676: De 29A I.I-1
675: 11@1, 10
476: K3ALCI11.rjALcI)
4771 298 KV8L(II,)WKVL(I)
678#: READCSD9Oi tI I iDXCI a *Xl
679: 9011 FORM.ATCE10.4)
.Ao0 10(DX(1).N.E0..) G0T8 9701
481: CCCoo.
6482: G505 9 7 02
483: 9701 CONTINUE
468: DO 9o1 2 IlaxxSbi5l 9012 ODli()82*ox(li

* • 861 CCC,,01*.xw#DX(1)
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Table A-1. Nonlnear Engine Simulation Program (Continued)

468.1 DO 9o13 Ilolkx
489: DX(I)wDx(j)*CCr.
490: 9013 X(1)x(1)DxfI)
4 91. W4ITE(3)(A oI)vI1phX)
492: PLAD(509014)DELT*Fi•ýTIOEP40FLoUTOEL

493: 9014 rSRMAT(b012*5)
1*44s: IEDELT

495: YTIME-0
S96: bt•HOELT*.5

497: NEUEaNXNUNE
I99: SUIE(9o9Q62;

500: wIITECIsQo60)(X(IIujISNXJ
501: 8060 FURmATIEIo9.)
50s: 8061 rORMATCIHI)
503: 3333 CUNTINUE
504'. ISTEP.O
50F. NICBT.O
506: CALL DYN APIA,PVTV#KOAL.KV0L,KNqNRAO* RADSKANTSVp.%DO VnKCLOOPRRI)
507: TIMEu7Ir:r+OELT

508: IF(ABS(TIME.PQDEL).GT..Q00001! IM 3333
509: PRDEL.PRDLL+eUTDEL
51Q: WRTE(33AU sImstAX) 2
sit: IF(ABS(TiME.F1NTI7C),GT..O000 If Gl T 3333
512: S098 CONTINUE
5134 PAUSE
51i: OUTS 1099
sis: r'Ko
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Table A-1. Nonlinear Engine Simulation Program (Continued)

FUNCTION INTGQL(ICPDXOT)
2a COMMONITDATATIME#DTISTEpjNICOT
3: DIMENSION B(40D4IIXk(40O
I.: REAL iC, INTGRL
5: I t (ISTEP.NE.O) GOTO 2
6: IF(NuCsTeNE.0) GOT9 1
7: KI-39

8: 1 NIC0T.NICeT+I
9: N(N!COTpII.PDTDXDT
to: X(INICST).1C
It: INTGRLSXK(NIC@T)1.5*G(NICOTl)
12: IF(NICOT.LQ.NI) ISTEPm1
13: RLTURN
14: 2 KlCOT.NICBTO l
151 GBTO(3A145)DISTCP

is: IFCNI!CTEgNI) !STEPu2

19: R1ETjRN

20 4 G(NICOT,3h.DT.DXDT
21: INTGRL. occNICeT)s(NICOT,93,

£21 I1INICOT,-ENI) ISTEP.3
£3: QtTuRN
24b: 5 SIN1CToa.).DT.DXDT

26: W)/6.

27: IF(NICOT.EQ.N1) TSTEPwi
2s: RqTjqtj
29: ENO

I 1FUNCTION TFJHINXIFAXDHXDTV)

2: DIMENSION T VI2O)
3- DTx.50"
4: TRTv(NX)

i: 51 CALL pRoCbM(FAXTXCPXGMxGMXXeWXlaIFA1

6: 1V(IFA.(,T.l: G670 70
7. TXERR.HX.HXl
P :F(TXERRsjT..oo01) 60T7 52

9: :F(TWrRRLT.-.,ocn GOT, 55
1-: G5TO560
11; 52 IVcoDT0-.53 DudS4
12: 53 orX..TO1..S
13: 54 TiuTxDTx

14' G0TJ 51
15i 55 1cDTx)54#54eb3
16: 60 CINTINUE
17: 70 CONTINUE1Ip: JFNý4TX

1 91. TV(NxtwTx

20.1 RLTURN
21: END
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Table A-i. Nonlinear Engine Simulation Program (Continued)

Ii SuRRAIjTINL PPICPrCFARXDTEXICP.GMPr1XWI]FA)
IFAmO

?: JF(FAQX.G7.1*. GATe 2
i: FARxns•

GHTAý 3
7? p TF(FARX.LTe.O676?~2 G9TtO 3
a: FARX,.06

7 t23
a; IfAmi

I1n 3 TFcT~xfl5uO.: 2C'lo#5
1: 5 !FcTEyeLT..roz.) GWe 7

17: Tkx..r3003
13: 1F IrAOEQ. j()Te 5b

lid IFAS2

It: So IFA,1
17: 0t7f 16
IF: 7 jF(TEx 3OOh) 9sjI4P
19: a IF(TEx,25 0 0.) 14'16016
2"C: 9 IF(TEX-?Q•O-) tC'12••?
21,: 10 PA *26*÷*,6E*S*(TEX-1500.}
2p: .A *27719*l*F•E-5*T *TX-O0*3
2?: 5" TA 4•
24: 12 CPA u 2773R,+j1.2E5*(TEX-.?00$.

2c-,:a c. t22b1Q,1.?92E5.STEX).Ttx,793733
26: ~ 0 A 40

27: 14 C05A u *f7?3¾1.52E-5w(TEX.2000.3
28: ~ (A*2-59874C)@J6E-6OTEX).TEX-j7*404

3c: 16 CPA *286S5l.17E-5*(TEX.2501.)
31: PA• (*?9P7.5.36E.6.TEx).TEX.37.404

33: 20 !F(TEXaGT.300.) GeT8 21
3.: ¶LX-300.
3ci: IFVICFAEQ.1) r,OTP 51
3j,: I F A ,

37: SUT9 P4
39: S51 IPA-i
3q: sUTfV ;.)

4)3: 21 TItTEy9*Oi -) ?3a•*i22
Ibl; 22 IFUTEr1PQO- 2b#3O#31
'.p: 23 Ic*Er7U. 24p,26b,6
63: 24 CVA a *23"2,.1E-5eI

T
Ex-500*3

4w: A * (2626•&41*lPAE-5*'TEX1I?2E,3.521'

4..: 26 Ce' a 241**2.4E-5*(TEX-700")
47:~ S- (22623+1S12AE5UTEX)S¶r-,1-5216

4f: 5iTA 4
49: ?a CbA * 24b8.3.1t.'5e(TEx.900e:

sc,: A , c22t23.1.2?SE-5aTEXl't~x.3.521'
53: ýU TA
52: 30 C0 A . 924b8.3.lE-1e(7EX-900-)

53: *.A @ (.22519+1.292EoSeTEXba'Ex.'e3713
54: 40 CP . *9333-(.*F7E.5.3s27E.• S(3'500.TEX)).(5)SOOe.TXI
5": kF . (c'Cb99,6.18OE-5.TEXI'EX-132.?O
e,: CP . CPAFARX.CPF)/(j.+FAQX)

57: w a (CA+FAPX*.4F)/(t*#FARXI5pl. Ow a 2h*97-,99*ftA*rARX

sq: QLX . 1.98637/ArW
b" : i "* C.P'(LP.REX;

63: 3Nx)
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T~able A-i. Nonlinear Engine Simulation Program (Continued)

1:SUSROuTINL DYNAM ASPVDTVSICOAI.aICVSI.RNRSRADAKRADDICASTWVODWOWVSKSLDa
2: IDPRB)
32 DIMENSION Au~~(6et~~KA~jaV46e~Ia~S
4: DIMENSION KRADII)*KAfl)tVISDO (WVS3KIOIs £*
5? CS"MSN/TDATA/ThIW*fDYD!1 001 to?
6: CSMMSN/OATA/X(39).Uý4314TA43350XN4401."0XL4O4JD4LAOIC**

1VSlI9~GIKGALIGJKVUL(1Kf%' AL RTHWSALi .Jýet Cn~pb svpsvs --

8: 2s(GALBDKVSLSDNHTgTTSPTeK4,KIDWYeNCODPPOSWNKNA5,KSPECDDXFlGVSK3eIIVP
92 gR#aND
lot REAL ICTWVOeICWYU

12: REAL cVBLecKoAL). s.KvaLDogzMLOI~xaAayjK s.Jzv~OlaLT&sxpUED
I,: REAL KFIGV.NCXaKNR.KRAD.KA.KSV KNAS*NUiXSal.CF ICM lC1t41CNwt

141. REAL ICTwvl,:Cwoa,:cwvaalcTWVaaxcwostjcwv3jCTWVha 1CWD4:pWY4
151 REAL ICTWV4DICWDSaIW~IYV.CDeCY.C~l
162 REAL ICTWVID ICWosa Icwvs. ICYWVS.ICTNwg:Ia CWV.1 9TWO
17: REAL ICWDCD.!CWU.ICPS.ICMSICRTINT10MCWS:P.tO.N0*cS.MCN@.NS
is: REAL NC7J NC$s*NOEMO I TER#: MP.,sINTBRL*EXIC
193 REAL KA5JICwOODPL&*.NDT
20. REALKBDKNATKAIVL!)
21: 2U1VALENCE (ICWDOaWOQeEt);(CV#WOXl naJwowvexi2IIC~wQTWV9e#wgeK(

2: 1 )e(ICWOjaW0laXfb I9(CICWVi#WYIeE(5 )),IICTWYIAYWVIjuge I
233 2 I#tICwDe~w~u~xt7 :iwICwvus~wevxqo ).IICTWVgeWIguEW I
2.: 3 :.cICWD2aWs)a#xcto2,.(lCwvsvw3oat4.sJ:.ICywva411 -flaa q
25: 4 Ps(ICW04ODbAWO4SE41ISIaICwVasf4ntlh*A l),4LCTWhVASIMMA!1st$.L.
262 5 la(ICwD5DWD~aX(tbn.(IICWvSsWv5.X(177)),g((ICTTWVV5aY WYD#x;1PJ
27: 6 ).(ICh04.WP4Xo 9)(IW*aVX(toiiew~w g@Ioo).((:CYUTfwV4.TWW4.5fflj
?a: 7 lh(ICW0i.WDF&xigehIoiICwvflwY~exgllSiI.IICYTWYT,7TW":nlgj

31: A 9a(lCwDCDPWDCD*X(3&ltLCWC~oD~kjXt3gIJA4-rWuFD-TWCnhXI221J--

33: B cWs~~SIsIPeINRI

34: D ECa(9J(~U~)(Vg(fgA.()gf~7f)
35: E *(YzaETAcan.s(n.ETa(S))
16: EQUIVALENCE I(wODYD ,0i~I )IIIMvoDT sDX48. JiJIMIODTA A04-3- 1140-

Sr Is~,jDTD i Dxt& )1;twvj0T .DXtti'faW*j~fZkl38: ~ iwD DT SDX( ) (lWV DT , X(.1 (W DT p )is
39: 3 (WOSOY sDX(10))DIWVSDI IOXIIIIMITWY Tsg? its$)#a4Q: 4 twD4OY DDX(lS))#ID(Wy40 aOE1D4*)Iasf7W$iW* ;q~jijj

41 gMDOSD *DXgIS))aIWWSOY aOXaIPI1eeTWVIO OfIB11I
42: cwO070 AoXIj9U4AWV4Y aDxgl0atYMYIDT a~xtflhi.
43: 7 (WD7DY ,DXLM3),(W7YY T z fl.x314Thfl07 sDc21kbLa-

44 (WoaDY sOX(25Ipi(WVSOT *0Xg3412jT~wvIO? .OXU7),.
45: 9 (WOOGOT #OXjtS)ie(WSOVCT eDXJ191).jTWf9gP aC~tIj~qe
46t A (wOODDY #DXijiI)s(WCODT 4)(18611uqTwCDO? aOX(3I1).

47: eiWOO? *OX4tgii'iflCY *DX4m01,
48a: C twib? .DX436ra#cRNYOT *Dx(3jafTT SXIIIIRYY 0*h)).

49: t (M! oat21911

50: 999 CONTINUE

U; Do 299 lot&&
55S: 299 KNR~i)9(NuftADL1))e*"2j
562 C
S7: C DYNAMICS
Sa: C
Sit C INCE! AND STAB! *N(

40: C
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Table A- 1. Nonlinear Engine Simulation Program (Continued)

61: kLl • I/Ulr

6P: ?o %C=Tl-o
63: IJVPQsFU ( II#,'C2)
67: POI P2E.GVF-.I,0L*VP?

S8¢~9.: T ?t•TVtV

67: L T~ u a TOjALli e(PtoPV

6p 8: kvTaWO.0

69: T'AVnDT . i.4.,T["fl*wD0.Tv(scWi)I

7:: VI.-KV5L(11,.Tsv .

7p: F9 )1 *D1.R"'. /(FL.MA(71)

10,V 00)

7Q: %
ac: *V AV/V

T.)I a Tvo*KcAcli*csI~i

84: C StAIL Tw
at,: L.
80: PV? n Ki(j.123*Twv2

105: PTHI . S~kT(Tvl/qI8o7)

84i: ýIL11 . PVj/1 4.7
9c: rPp kW~.T~/fE~* '
91: VLT3 a * A ( 1&)FPP * <(AP7)aFPerP2

93: PbPr.N(,H?7
941: D -I2

99;: 73a Tv1*(,I2)*PSJTP

too: TMVpfTlT51 4ecTrJ2vwt.2-Tv?s.73)

1041.: bV3 aK•L(132.TWV3

job: %L 3 *%/;.yTp

lo0: F0 3 * W"3.WTk?/)3F.AC 3)*A3))
log: vLT3 K AOi * ' 4 . i13).rP1 * <(AC3)*F03*FPJ
ito?: PH411 * V13/(.PAfl(3)R*4C3)

lip: P3 PV2.C1..PS1P3.4AtWI1)/TV~I..3.;

113: TV .J'TSGAL:,.CPS.v3

117: TV

!U 2f T'VZTVPK4 1 )Ist
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STable A-i. Nonlinear Engine Simulation Program (Contimed)

12p: L v Sý&t nV.jR
1237: L

134: PVW4T K*L('•d*)TT'V4

126: nLL4 FV*/14.7
127: ~ SCMftý.RTI-a/IrEL3.A(x3))

12f. VI54 A 4T * KAg1().FP& -
129: z VZ¶4.4CPRAhP(4)eNJC1

131: * PP3.(t..PSTPbNiR(A)/TV3).U1-•

025: •v53T.KUAL-;w)*(- 4-Pt5

133: * TV*/,V4
Irflw# * S TTcTv*/18.7)

13s: v3 L's rtVcLL,(4)aArt IaJV44/(3RTh44)

13A, T)4. b TV3*KTP(4)*P5JT4

139: V4T...7 .h* 4.~.IL)

161: C~

14i: C STAM. rhvE

144: ~ ~ DV twKvIL(152@¶wV5

164: kC6 g NýRTW5
S16•~r: •L••Pvb/14.7

146: r0 6 * nD5.RTý4/grEL4sA(c5))
147: vZTr . KA{5) * AgiE).FP5+ * <4Agpr.FP5.FP,

1jb: 0"15 . VzT%/(4WIArb)."C5)

i6,? OS!Pe-FUXuI-15D 19*•3

15C * PV4.(J.*PSIPb(<NR(5)/TV4).*.3.

152: TV* T*VbV/-Vb
153: ~ ? 5 * b

T (l.v5/s78.7)
154: -iL *%LL(C.) .A6L*PvS/(.<I*.q4w)

175: VITr5.FuNC )pPD6I5*eL
157: T6 TV4,,(S(5).PSIT5

•77flTV5'Tu1.,.(T!)be-bTv6efhD4? LI

159: C
lc;: .G TA•3 S•y
161: C
162: 0 V6 s K49U.16'

7 'ýý6
16;: NC6 . NRIN5
164: :t-LL . PVb/14. 7

165: r"6 . 0.7S(EE&1i
166: yZTL7 . CA(6) * vA:1$).rP,. * A(Pe).rPb*rPE
167: PH6 ajTS,.RAvNS.'C6)

16p: DSjp4.FUN1 41 3.PI-ts,?3)
16s: P)6* PV5,(j..Ps1P6.4'4q(6)IVr5)*..3.

i7c. S-)6DT.K1AL(j6).1 PD6.PV6)

171: AV6O7.Mr,6.u:ý7
172: T7V6 a*~b/v
173:O~QsPA.FUN1( l*.PI- 16.25)
17#4: T6 . TvS.KNRC6).PS!TA

175: ¶4AYflTu1.e(TtD6*hý6aTV6eI007)
176: C
177: C STAGE SEVEN
17p C

179: 0V7 . V611TV

15Bc SQkTtIvbrlS.871
tat: h.C7 . N/RJHeý

192:~ ~ ýLF, rt,/14.
7
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Table A-i. Nonlinear Engine Simulation Program (Continued)

S1831 rL WCI? * NCs.T/ 7 DELe.A(17))
19 •B•: vZT7 KAi . KA(17)*FP7 4 •A(27.)FP7*Fr7
lar: PN4!7 ýzT7/(KRADI71.NC7)

iat-: biSP7.FiP,)I (jbsI-I7o a7)

i,7: PU7 a * 6,(1,#Ps1P74K%(7)/TV6)v#309
18%: AU7iTYKSAL (17)#*PD7-PV7.
189: '-V70.TystIJ7*" i8
! 19c: TV7 . T.VT/tV7

" 191: *IT7.FU{I d16sPI-7p29)

192: 167 . TV6eK'Jc(7)-.S1T7
193: 7 MV7%T a I ~Ti7#.N07.TV7.hN1rn)
194:C
-95: C STA',L ETGWI

j96: L

198: qr,47 SO.T(Tv?/518'?)
19?: C8 *N/PIN?

?00' ýLL7 o PV7/14,7I.,
201.: rPM W0fl.RIW7/(DEL7*a(18fl
20p: vZTA KA*A8) * KAj).FPP + Ki;pR)3 FPAeFPB
203: *HI VZ y#./CK RAr(C8NC!)
2046: PbTP8,,VUN:Cl7.PI-dN,31)
2•0s: MPr a Pv7a(1 .,PStP0SaNR(8)/TV7,a*3eF
Sr6.* ý)RUT,@KCiAk.(j8).jPt8-Pv8)
20?: k:VpflT.DA-%PGv
201; T/8 a TAV8/.V;

209: ,3I¶R.FUNjn18,P1-!8s33)

21c: T'2• 7 ,*Kh.R(8).PS!T$

2111. To 1....TCý8.W8TV8u4P0GV1
21p: C
2131 . 9UTLLT qUIDE VANES

at1*1 C

216: Tk#j83flT-u¶ (TV8*WeGVTOGV*eWCD)
217: UG a ýVtjLPG.OC
21A: ýeGV•TBKGAL5G•(P'VBPPGV)-Kq•V*WOGV•*WMV

219: 03?49VhC
22c: C
221: C COMDWESSmR D0SCkARGE

2P2: L
223: OC a 'D33oo
2241 TCU) * TkCLJ/*oCo
22F: TtCfnT3(TUGV*.LD.TC0*(WB+*TC})),@4
a2e: PCD . Kv*5CDseoC0
227: wt0D0?KGALC.CoPPGV*PCD)

LS291
230: C BU•,LR
2?1: C
P32: FABNWF/i%.B

a33v T.T;7NH(2,F4Db'H4pTV)
-34: DLLPB * K"B*^!,e*P/PCDe(,771*TCDe.OBS*Tg]
.2?: w0T . KGGLýB(PCD-.B-DEL1B)

i36: .TTNR 0 N/SQPT(THl

237: wT v QHT/kT
23e: rAToW/IW)W* C
2391. TTsT7NH(3pFATHTTV)
240: P? * K4.R7T7T

212: 'TTNPP a FUNP?3#PTPBNRT
T B46)
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Table A-I. Nonlinear Engine Simulation Program (Continued)

2451 FTAA-FUN:I:9PBeCLT8,3b)
2661 CALL. PR8OC0MCQ.TCDCPCDOMCD.GMCDX*WCO#SFA)
S247 PIDT.KVeLO.(HCD*WB6186509*ETAB*WFPAt.HB)
S241 w5D' s WBP6B(PBDT-KVSLB/lo4.WB*(WB*WF.WT))
249.1 POPT.PdiPT
25o: wNTINPWODKEY(POT)
a51: *N a NNTK74P.AsKNAI.PT/SQRT(TT)
252: CHTNTS 9 FUN2(C4PTPBpNRTT'381
253. DOT.N/lOOO..0CTNTB.SQRT(ld,
254d RPTDTN7WB.W74HCr.wTC-DHT*wT- T*WNI/J,53
255: QTDT . IWT*hTCekd 5/1.,3
2581 vALTBL a ABL3oTV3,wSL4STVAW8L5*TV5

j 257; DLb*NC0HCD.WC0..?40pkBLTi3Lu7V0.W00)
258: D0LwwTsHNb•T#CO.DTC-uTaWN
259. tK0T.KSPLEDN~b0tdW.wwTDWCI
8601 ,00 INTURL(ICwDOj wDoDT)
261: WO . 1NTGRL(IC6VOFWVODT)
262: JWVOsINTGk~fjCThvO;TwVODT)
2631 WLh.INTGaRL(ICMD1*WDIDT)
as': ý%V1,!NT5RL.(C.Vv~I~DT)
265: TwvIEINTGNLIICTwvITwvlDT)

;4661 wL)e INTGRI(ICTwp.•4)VDT)
267: IOVeNTbRL(ICVPDWV2DT)
26p: TWV2.INTGWLI ICTwvpiTWvaD')
269: J3. !NJTGRL: ICMD3SWD3DT)
270: hV3!N1TURt1CAV3,wv3DT)
27%1 TWV3zINTGRL(ICThV3DTWV3DT)
272: wD•,TNTGRL(ICD6DISwD4DT)

2 73: 6V4-I04L(ICVb ýV16T)274: TwV4.jNTGkL(0CT6v•jTwv4T)

275: iO5. TNTGRL.( IC..!t a05DT)
276: wV5.TNT@kLt(ICV5pwV5DT)
27761 wVu ITNTGkL(TCTwvsDwv5DT)
p7p., W06, 1NTGRL(IC.DDwDfDT)279: PV6,1NTR•(ICAVfjwV6OT)

ago: TWV6suNTGML(CCTWV6,TV6DT)
2811: WLI 7UN TGHL( ICAu7nwD7OTI
28P: .V7.1NTURL(IAV7p*wV7oT)
2833 TWV7.TNTGRL(ICThV7aTWV7DT)
284: o-A8pINTIRL(ICAD#•wDADT)
28!4 hV8.INTGRL;tC,.VP•AVPDT)
28a: T4VA.INTGkL(ICTkRVTWV8DTI
287: 7Wa$3.NTGRL(ICT!,MTwjGDT)
a8l: wUGVsINTGnL(ICrGV,60GVDTI
289: *0, INTGkL:ICWAG,hwDeGDOT
aSr: TwCos:NTGHLICT'CC,#TWcDDTi
291: ACD TNTGRL(:CýCDsawCDDT)
292: orCjNTGRLtIC:rCPwDCDDT)
293: v a JNT* kL{!Cwb•BDT)
294: D3 . TNTGL(ICPbAPBDT)
29t: -3 . JNTGL(ICHb#HDT)
296: PHT , INT,*RL(IICF'WT•PWTDT)
297, * TNTGwL(ICRTIPTOT)

2099: NICT.0

301.: vtý IIST:

30?: PLI.JP-U
303: ENC
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Table A-I. Nonlinear Engine Simulation Program (Continued)

1: rUNCYTeN kHOREYcrADT,
2: IFc0PiPT.GL*¶.) OATS 1

4: Vg"PApT.GL*0..A~p~rp.PRPT ..53i "GICEY. .291
F.: LTu4N

WO •KEYsO,

rUNCYTO? ýK¶StTiKZ)(,NPN¶.%'12,
UMMON zXX17ob)*YVycI7j52pNX(5)#NY(5)#. :c t7s17.'i),YPELc4O)

3: 1!'(o0)'.Jja'),SLPI(40).SLPP(40)'ZPTI(4Q)ajPT2(dO)
4 C:MN XI?1aO21)Z1I1,21 )s«(5Q)iMX(23)pXDIF(50)p5LY(F0)g

i: IrT~r~n)
6: DIMENSION Zx(t)

7:(N 6 NP
Pt DO 10 J.1eNP

10: XEIJ0-) a Zx(K-I)
IS: 10 Zl(Jr') a Zxcc)
121 rNrSFT s Is
i3: DO 30 NftaNlN?

15: X?)IF(NR) SX1t2,NV..X1I1,N)

1: SLP(NR)aiZ(a.L(.)/DfN)
IA: 30 CftNTINUL
IQ; PLYURN
2r, ENO
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Table A-i. Nonlinear Engine Simulation Program (Continued)

FUrLNJCTION. FUKIINjXIN#NRJ
as COMON xX(17.5),YYIl7s5).NXE5).JY({59ZZZ(17D17,5)DYDEL(*02D
3V 1 !I(ftQ)jt*JbohSL.Pl(4O),SLP2(AO)iZPTl(4O)DZP72(iýJ)
4& COMMON X1(21,21),Z1(21.21).KK(50)pMX(23)*X IF(So)eSLP(50)D
5:

7! WOLD a KKINI4)
a: pNEP - XN
93 IF(IKTNsX1tOLDON)) 105,105#120
tlo 105 Ir(X!NX1(I6LDfl.NH) I40.141,0110
11: 110 1 v MOL
12: GU TO 25D
13t C CUUNT UP
ldd 120 ?F(XvUXl;NXP.N)N 125j180.300
15;. 1;'5 NF a T8L.0 + I
16: De 130 1 a NF.NXP
17: IF(XTN-mX1(IN)) 200200.130
181 130 CONTINUL
19: G 8 TO 200
2o: C COUNT DejhN

S21: 140 I(XIN"XIC(1N)) 300' 190#14S
22; j45 K6. a 19010 2
23: D8 150 K 1vNL
•4:I 15LD K
25: 1iXIN¶*C(Iv-,N)) 150,15sD 200
26! 150 CONTINUE
S27: Gý TM 200
2s1 180 I • NXp
29., GO Tpý 200

30: 190 ! P
31: 200 Y3IF(NR) v x:(IN.-Xt(I-IsN
32: ZPTCNP) s Z11I*1pN)
33: SLPcN0) (ZlIIj)-.LPY(NR))/XDIF(NR)
34.: 250 XINC . xtN-XI(t-1,N)

35: rJNJ . ZPT(.R)+XINC*SLP(NQ)

36; K<(CQ) a I

3R: 3oo CNTIN• L
S39: IV(xIN-LTX (Ia .))FU•IZI(ItN
ft F)(INrTXI -o)PUN aZI.Z( NXPPN)

-2: END
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Table A-1. Nonlinear Engine Situlation Program (Continued)

I: FUNjC•'ON Id.rS[T(NXAY.Z.NXPNYPaNiNP)

2: COMI• N XXc17,.)5VY(17,5)*NX(5)DNYIS)ZZZ(C1711719),YDEL(bO)I
3: 1 l(4015,ojjC*C)aSL.P1(40)SSLP2t43)I#ZP?1(40)DZPT

2 1I4J
46 : CCMAN XI(21s1)i ,Z(2•j2l),IK(50)JMX(23).XDIF(50)1SLP(502)i5: 12OT(so)

A: DIMENSION X( 1)'"11u'Z01
7: 10 NXIN) 6 NAP
A. .1 N'(N) a NYP
9. 00 15 J.j1NYP

lC.t Y9(hJ#N) 8 Y(J)
S11: ýd IS ]lslNXP

. r12% K W ý{-I)oNKP

13: 15 ZZZ(T,.JN) a Z*

15: 20 XX(JIN• X(a )
161 FN2SET 1 l.O
17: DO 30 NR.NI,N?

19: JJ(N 1 *
20: x 0EL - XX(?aN:-XX(1SN)

21: YOEL.4NR 5 yv(2,N.YYc1 1 N)
22: ZPTI(NR) v ZZZ(lpulN)

23'. ZPT2(NR) v ZZZdl,2,N)
2: SLP±(NR) % (ZZI2gi#SN).ZPT1(NR))/XDEL
25: S.P2(NR) a (ZZZ(?,2*N)-ZPT?(NR))/XDEL
26: 30 CONTINUE
27: RETURN
28: END
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Table A-i. Nonlinear Engine Simulation Program (Concluded)

1: UNCT1I9N FkL%2,N*IM N*Y2NNA1

2: COMMON XXI 7.5),YYtl7.5),NxIS).NVtS)*ZZZI17II7DO)#DYELt*0)D
31V ptitoljja n.PSLPI,*O,,SLPUI(4O:.ZPTI(40).ZPTLItbO)
4: COMMON X .

dC TLST FOR A IN PREwIOUs INTERVAL
7: NXP N AItN'

92 1IFXIN - X)|OLON)) os0.10S.120
10: 105 TF(XIN - xj.1IL.1,D-I)) 10#1408110
11: %i0 I . ?OLD
121 GO TO 200
13: C COUNT Up
$4! 120 !Ffx•u . )X(NXPINI) 125lsBC,18C
1s: 125 KF - TOLD I I
16: 0D 13o I * NF,NxP

17: !fx1N * xX(,IN)1LEO0etOO.130
1lt 130 C

8
NTINUE

l1: 00 TO 23C
2g: C CPUNY DOBN
21: 1"0 1F(X1N-X)(IpK1)1910.4

221 145 NL * 100d *2

23: 0O 1501K * 1.L
240 1 . IOLD K
r-5: IFjXIN¶1ZxtIwlN))I50Io00*200
26: 15D CONTI NU
27: G"78 203
Eg: 1so ?.NXP

wi xN.xx.X*,Nxl•

30: GO 1 200

3'1 190 1 * p

Zn: 'XI N.* lN

33:IC TLST CI' Y IN PNNVIBUS INTERVAL

35: JOLD 4L.,J0NR)
36: 1 F(VIN - YYIjOLD-N)) 205s 2051 2?0
37: C05 FtIYN U E Y(jeL0-jN)) 2400240J210
3a: 20 2 5 j *Z
39: IF(l-106O) 300,*00.]00

F#2 1 225 NF 4 j061) I
43.1 DO 2313 j • F&Nyp

2.1 IFCYIN -*YYCJ.N) 320.0300230
53: 230 CONTI NUE
56: 08 TR 300

D8: 240 IF(yN - YY(jNj)290#290,d
57: 245 TJLD 2
so: 0* 250 K 151; Je-JLD K

5o: tF(YIN YYC jIN1C 2s50s250s300
53: Cs0 CMNTANUE

r 6: 300 K L * 0
5s: 2 L0 J Y NYP

i (: GO TA 300
6*: 290 a t N
s6: YINYY(iZN)
60: C COMUTE ZPyA IFTERCEAN S NE SLOPES
61: 300 XI)EL * XXIIN)oXX(Io#N)
62: YOEL(NR) . YY(aJN)-YY(J.I*N)

63:t *PI-R ZPINIICSPN

6?: ZPP2 PNT2N a ZZZ(|-C.SLPN)
67: SLPIFNRA C (ZZZ(IJ-aIN)-ZPYD INR))/XDEL66: SLP(NRI . (ZZZ(|,jvN)-ZpYp(NR)|/x01L
62: C INTERPOLATE FOR ANSWtR
68: &too I I( m) . I
691 JJCNR) - ý
1 0: wNC . XIN-yX(-I.JNj
71: PiZZ . ZPTIINR)#X|NCOSLPI(NR)
722 PZZ a 1PT2INR)#XINC*s6PP(4R)

7.: F4N2 . PIZl * YFRAC*(P2Z:WPzZ,)

75 EL TUaN
76: END
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Table A-2. Reduced-Order Component Model

SI 1060Q0000  DIM.E%4ION IGV(12),A(2O)PV(20)sTV(2O)sY II%3,XX (?17)*ZZI(196)
3 00000001 DIMENSION L(20).V(IOISCGAL(20)DKVSL(2O)uKNR(8)DRAD(C)s(RAO(R)

3 00009002 ODIMENION KA430)
* 0o00o000 DIMENSI ON TwvI30)sWD:20),WV(2Oisr:SLD(SIeDpRU 1.4,
. 009000o4 CBMION/TOATA/TIMEaDTH
* 00000*0 COMMON/DA-TA/X( 2)U(4),ETA(I3]Dfld( 6)sDX( 6)*DXt( 6)&CLM( 6)PKVtfIL.
7 0o0o0006  1G0 RTHO, KVOLOG, KGALOGOKOC(V*WTC#KVOLCO*KGALCD* K*gPKGALB.
1 00000007 *HT, K4,K2WIS*HCDSKVSLBIPOSWPN*KNABSIKSPEEDOIKGALIGIKFIGVK3S
9 0000o0o 0 3WBL3jWBL#WSLS#aCDWDCDOTWCD'ETAEI*DHT
10 00000011 4aTCD* w•S,1BPBSERROR

001 090012 REAL KSDKSaNCIaICNaNCINSISvpRS IGVsKIK3KjK4K7#K.&LaKGAL*KVI L
It OO000o1 REAL KVOLOO*KQALOGIKVSLCDKGALCDEKGALBDKWBSKVOLB.KVOLTDKSPEED
12 00090001 REAL KFrIVsNCXaKNR$kKRADDKAKOGVsKNs8,NRTTBhICPVOaICWDOeICwDIhIIcVl
to 000000 o REAL ICTWVIICWDu*ICWV2,ICTWVA ICWD3sICWV3,ICTWV3,ICWD4*ICIV*
lb 00000016 REAL ICTWV4,ICWD!,ICWV5SICTWVSICWD6D CWVB ICTWV6,ICWDT,ICAV7
14 000000o7 REAL ICTWVJUICWlDICwVs,ICTWVBICThO.,ICwBOGV,ICiOOGICTWCD, •CCD
11 00000030 REAL ICWDCDICwSslCPSICHB,ICRTICRNTHICWFOP,NC2,NC3,NC4,NC5,NC6
16 00000031 REAL NC7.NCSNDEM•,ITER.JMPLINTGRL,KICI
1s 00000081 REAL KAIsICWO•GNN5NT
to 000)001l REAL KSLDKZNRATDKGAL1IOKVOLIO
1; 0 o00os' EQUIVALENCEIICNDNDEII))
3 069 EQUIVALENCE

Qo00go6 2 (NDTDXt 1I),(wFVUC1)),(SVSU(2)),(AS.U(3)).(P2,ETAIt
24- O00027 3))&ITVOeT2aETAtf))lPBETA(3))(U(4k)ABLI
36 00000020 EQUIVALENCE (TMC, STX(2)),(TMDTX(2))
16 00000031 EQUIVALENCE IPCD.DXg3)),(PT.DX(4)),(TBDX(5)),(TTOX(6))
37 000003e REWIND 3
2.8 000000o s09S CONTINUE
3s 000o000 READ(5.6306) ERROR
30 0000f026 IFERRsRE'EgO8o) s0 T7 8098
-2 00000026 6306 FPRMAT(O1!.gi
is OgOo000? READ( ,800) NXNU.NEANRDPERT
33 000000 0Q0 FORMAt 421••.5)
36 Oo9904,1 REWIND 7
25 @A0Q0941 DAITA (DPRSI!11131D14)/o60A*fllE.4fl70J707E"4Dh80s6eflEJ4s.851669E
g6 O000004 104,99*50, 6E-4899706*96E*Ii1O*7636E-4/
37 000000•4 DATA (KBLDII)I•m•aS)t'*0..lslO25a l.O572sl.o41-o 30./
38 00000045 DATA (I0ALIisI/t554..a794.,27?7.,6407.,20S4.aai572.s2i
29 00000046 156.u22439./
*0 00090047 QfTA IKVOýl)Dl*SisI)/li.9o713*3711s4.97971708*ae. 3o087•ll.2953u13
4 1 00000050 1.7727*j5i12i9/,
43 0000og 5 DATA (TV(Il.Iuialo)tIeI l.43 00oob 500 t  D DATA CTWV(II),1.:8 01•6lO l /
44 000000o3 DATA (WD(7V1)s.0 1 0!
45 000o0oS' DATA cwV(Ih,Iu:12ofoe
46 00oo005' REA~c7 )CIovcaIsuisj.1
47 000003S6 F11 FN1SET(IIIGV 09P101)
48 00000057. READC7)(IGV(I),Iul.36)
45 00000060 Fi' .FN•SFT(s•Gv ,19,405)
50 00000061 READI7)IVI0().T1s,20)
51 00000062 FL2 .FNISET2DIGV.10D,2,2)
52 0000006 3  READ;7),1Gv;I),1.1.18)
53 00030064 F13 .FNISET(3hlGVRa 3,3)
54 OO0OO065 REAOj7c1(Gv(!).TIl.40)
55 00000066 FI .FISE',5.IGV ,20i6,7)
56 00000o67 READ1 7)( IGV( )UI.D42)
57 00000070 F16 FNISET(6D1GY #21.sa9)
58 00000071 READ1?7)( 1Gv( 1 ),#I*,3*j
55 Ooo0Oo7? P17 *FrNISET#7#IGv .17.13411)
60 00000073 READc7)(IGviI),-.,381
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Table A-2. Reduced-Order Component Model (Continued)

61 0a09 037* 4 *":'1~~~9.j20i3j
62 060:0:775 .EADc7)11IS"(T)1. .361
"63 Oo,ýOý7

6  
clq F'.1SET(05T3V 018814015)

64 000z0377 ( I0%00 71,73)

(.5 0000100 F110.F\ISEY O. 103V.2o.16,17)
66 00030101 bEAO(7)CIGVCI).!,1I32)
67' 03030132 FillaFNISETcI1.IV .14.18.19)
68 O%013313 PEADL)(7fl3vc1)s1.1#3s)
69 OrQOj010f F112.FNlSET(C1213V,18,2,21)
73 09om30105 PEAD(O7,lGV(U)*I1l.261
71 n0200106 F113-.F!lSETn3,13V #31122j23)
72 0)030107 READt72 

t
GvcI).Ihl.26)

t•. 73 Oo)OllO Fllft.F:.SrT(j4.1.3V .13.2..25)
74 0o000111 READ(7?(CGv(1). 1s,3C)
75 000,011

2  Fii5.FNISFT(ISIGV .15.26#27)

76 0030113 READ(7)(IGv(1)s ll,26)
"77 000O0114 Fr16mFN1SFT(IA.1GV,13,28P29)
78 O l0S0115 READ 7)(lGV(1).#1.130)
79 03030116 F117.FA.ISET(17.IGV #15,30,31)
!3 0D0-0117 READ?7,C

1
!;V( 1)[,t132)

81 0o000120 Fli8.Fý1SETc18,[GV .16j32.33)
82 00030121 READ(7)(1Sv(1),s1-l28)
83 00030122 F1l9.F'NISET(19.IGv 414.34#35)
84 000z0123 F120,F.jlS-T(POsOFR 5 .7.36#37)
85 0OOD1IP READc7i(Iov(c)•1.•140)
R6 000001iP lbV(6).1*9
87 00030126 IGvC8).1*3"5

R8 00000127 00 6301 1.Q•9.2
"R9 03030130 11.1+1
90 0'00131 XSOUIGV(.)*e1 0 V()
91 00030132 FUFX.XSU*1.qr31lq4679E-.-IGV(I).1.735)33C716E-i4.2129

7
61929

92 0o030133 6301 !GV(Ij).FSFx
93 00000134 FII2.FNISETCB1,IGV 920O38391
94 0o0o0135 READ(7)(A(I)&.1Ol20)
95 00000136 READ(7)(L(C)I.Ifj20)

96 00000137 READ(7I(VCTYIT.1m20)
97 00030140 READ(7)(13V (IVI.1.0)
98 00000141 READ(7(1;V (1)JI1,23)
q9 00000142 READ(7)(CQA(I),I.1I8)
too 00030143 READ(7)(KPAD(T)).1.8%)
oto 0100014 FEA.(7)(PV(1),1.1,20)

102 00030145 READ(7)()sv(cI)s13120)
103 00000146 READ(7)(YY1If)#1,I.5)
o10. 00000147 REAo(7)(XX11I)OT11.13)

105 00030150 REAO(7)(ZZlj1,I.I*m65)
106 00000151 Fl- FN2SET(1.XXIYY1,ZZI,13.5.1.2)
107 00030152 REAo(7)(KA(1).I.1,30)
to$ 00000153 READ(7)(Yy11)[13154)
109 00000154 READ(7)(XXI(1)*1&13 17)
:11 00000155 READC7)CZzI(!)j1G1U 68)
111 00000156 F2 . FN2sET(2dXX1sYYI.ZZjIl7*4#3j4)
112 00000157 REAO(7)(YY0Iu•1hwl41
113 00000160 READ(7I(xXlc)Ph*I*1 4)

-- 114 00030161 READ)7))ZZ1l(h)ulg196)
115 00000162 F3 s FN2SET(31KX1iYY11ZZl5•141415j 6

)S116 00000163 REAo(71(YYI(l)j[at&14)

117 00000164 READ(71(xx(1)'j 1.#14)
l i18 00000165 READ(7)(ZZItI)I.11196)"119 00000166 F* * FN2SETC4.Ex1.YY.ZZ1,1.I4718)

120 00000167 READ(7) {VYY(I),lut.4)
121 00030170 READ(7) (XX1(1),P1s117)
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VA
Table A-2. Reduced-Order Component Model (Continued)

-1? 1,811RE ADc7) (ZZi( lii 1.168)

IP 5 7 F5.F 2SE7 9 YYIsy~ZZ~v17.4a9s10)
I1' s0o:

0
1

7 3  
C

125 Onou0174 C SET PAFAMETFRS

126 090,,0175 C
127 0-,DOC'0l A~
12H 00:',0177 NSSP.1
129 O'%o?29, TTGS.1700
13? OC;U'- READc518G6i,)NRAT*wINGSpSPLCDBVBaACL
131 Onoo'0? 4NITLJ9,8ob6) ERRBR

132 0o090; 3 R.TEC(9R0•0) 'xWUjNENRDOPERT
133' 00..opýý 4  ,RITEC9,804A)NRATIWSINGSSPLCjBve,ABL
114 0)0:02ob READ(5.9

9
11) PPT2

13$ 0jC:02?
6  9903 FtRMAT(2G1p,5)

136 3•0CC0: 7 SRITE(9,
9 9r?) P2aTa

137 09023210 ROg66 FPMAT(6GIP.5)
138 OOCZOpI AS.AxFN(NRAT)
139 01030212 AjaA8
14' OTOSOP.I ¶iS=

2
10C.

1"P 030:0215 T2.518,7

143 0'0)0216 -DELl.1
144 % nC0Oi7 OT"nt)eLT'-
145 390:0270 T IrE.0.
14b 00020221 Ka - 3.1

4
19/360*

•°147 oocýGP?2 K2-?,*32*I7-ý3,3r'%(Kj*Kj)

144 090;02?3 C3.S';RT(519,7)
149 OO0•:0?2 K4.(i5 3.35.12.)/17600.

150 0100o2?b WOALIG.51a37.
S151 000ý0?26 K'PLIG.3*31

1152 0ojc'OP27 Ku3Le6 a 2P430.
153 0000230 KVtLRG s 1.10

8154 0:)c-- Op K5GALCO • 873C"
155 000DO232 KV-COCD a 1-91

156 00000233 KGALB,6407
157 O0030*34 KVeL3 a 2.659
158 Qo0n0235 KoB . *00045
159 010-0236 KvSLT . 14-15
16: 0')o)C?-7 KSPEED * I4OC"

161 O00jO2
4 O [CP*'NRAT*I65 0 0.

162 0,0OP41 Po.P

163 0oc:0242 PS 8 ,%
164 01C:0243 TV, . T2
165 00-OP"4 RTIC * SORT(TV"S51R.7)
166 090":0245 IC*IN/RT*40

167 00C026.6 ?'LN . NCI;16500.
166 0jC0?07C BVeB.FUN2(q.sC1NeTvojI)
169 010,0?5p0 hbLb.FQN1(¶BVRBI)

17: 0)Cj0251 '!vPR.FuNlC2,NC1NDP|
171 0,0I0252 qcjVPq.FUNI(3.NCIj3}
172 0to0'053 TV a) aT

173 000102r54 11."
17. Ont:0p55 ITERI,'
175 0-OO0O•6 ITFRf"c
176 3jo:P

0
5
7  ITER*.,:

177 01C,30260 D0 6- K-I.SSP
171 010:0261 FAb;FAbGS

179 0 1 0'0206P TdTjG
183 0.•:0263
181 00C 076p C.INX6.01
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Table A-2. Reduced-Order Component Model (Continued)

153 00000266 99 CO&T IN
38* 00000267 D(t.l-LTiC1.DL
185 00000270 ITERI.IUEQ¶• .
166 00000271 %F13vs.GALTG.CP2-PV(l0fl/(AO(1i.-)WCC1V)I
187 00000272
188 00000273 vBLTiL.C*
189 00000274 IF(SENSE 5.,TTC- 3)2073,8;74
190 00030275 8u7 O EOJTyNuE
191 00000276 1p(1J!,E.,.) rjl7q

192 000o0277 8073 C8PTIvuE
193 00000300 j
194 00000301 WRITE(60SO) ICJNABLFSV9,IGVPR*.GVPk
195 00000302 iRIT!(e.51.
196 00000303. ARITE(6s!2) j*DV(t'),TV(10)*A0(1c)
197 0000030' 5901 C'TyNJE
19; 00030305 2o n Iu181.1
199 00000306 u I-iO
200 00000307 DELX u PVU.!b/14-.7
201 00000310 ST~x a 5P(TV(1-1)/5j9.7)
202 00030311 ýCX .t/* ,,X
203 03000312 8D(u)(1-l-.,5L
204 00000313 FPus.L(I),cT1X/(DELX*A(I))
205 0000314  VjTXuKA(J),FPX.(KA(J,10).FPX.KA(J.2r)I
206 00000315 KkAD(J) a <I.RAD(JI
207 00000316 PHIX . VZTv/f<cA0(J).NCX)
20D 00000317 ,3 TR (1D2.1,4,5i6e7iS)ij
209 03000320 1 CrtTTyNj
210 00000321 PSIPx s F'.2(?,PHIX~dVGII)
2 1L 00000322 PsITxsruNP(•,F'w•xBvb9
212 00000323 G018 1
213 000003? 4  ? CONTINCF
214 00000325 Ps1PxFUFNI(fPu1xs6)
215 0 0 0 0 032nI PSTgjtiJKN(, PPHNIXj8
216 00000327 GOTO 1Q
217 00000330 3 CNTINuE

p1i 00000311 PsIPsFUPlrlaPwIxulD)
219 00000332 PSITX13 !FC(N8 IPWIX,12)
220 00030333 GW 11
221 00000334 C. C~TlI\
222 00030335 PIPuFUN'&19,PHIAx4J
223 00000336 PSjTT(FUUfICnIPHIx 3 16)
224 000o0337 GOTS 10:
225 00000340 c- CoTITNE
226 00000341 PS04FUNI(I•Pw[x#I8)
227 00000342 PSTx.FVUNjf1r PHRXx20)
225 00000343 GOT5 1'.
229 000003i* COý-C9•.T!NuE
230 00000345 PSIPYsFIJfl 1 3 3 pWx,P2)
231 00000346 PTxSFL•N•(4*sPwIx.2&)
23e 0000347 GeTS 1_;
233 01000350 7 Ce.JINJN
234 0*030351 PSIPXOFo)NtoIoOIXI?6)
235 00000352 PSITXsFUNlC16e.WIX,Ph)
236 00030353 G$T5 I-,
237 0000354 P COK.TINuE
235 00000355 PSIPw~rUNIU7,01 xX30)

*239 00030356 PSjTXwF•1(tcPTx,3?)
240 00000357 Ir CeNTINjF
241 00030360
242 000O36i PV(I) s PVCt-.).C1.,PSIPxUVNP(J)/Tv(I-1))sl.5

243 00000362 TVy() . TV(I-I)4KNQ(J).Ps1Tx
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Table A-2. Reduced-Order Component Model (Continued)

244 00030363 Twv(il.PV(I)/KVSI(J)
245 000:0364 WV(I)SThV(C)/ T v
246 0GOO036 5  

PR a Pv(I)/PV(11I)
247 00000366 WbLs.BL0(j2.ABL.PV(I)/SQRT(TV(I))
245 000:0367 IF(J.EQ.3) WBL3SdBL
249 00030370 IF(J.Eo.4) WBL4sWSL25:) 00000371 IF(J.Eo*5) wBLS*WBL
PSI 00030372 68LTiJL-W8LTBL+wBL*Tv(|1

252 000J0373  
IFtSENSE S-0TCW 3)8075#6376

253 00000374 g07e CONTINUE
254 00000375 IFrI[INE. 1 ) GOTO 5902
255 000,, 0

3 7 6  
$07.5 COQTINUE

256. 00030377 WRITE(9,52),JPv(I).Tv(Ic).W0(12,BLSPSITXovTXsPHIx.PSIPx.pR
257 O:000o00 5902 CrY-TINuE
258 00030601 2f' CONTINuE
259 00000402 •a 10
260 O0000(o3 PSGV a PV(ls).OGVPR
261 0000004 TSGV . TV(%g)
262 0oo00*o5 W6G0'WD(1S)
263 00000406 KOGVa• KGALSG*(PV(IB)ePOGV)/MOGVBO2
26* oooOo407 TWOG a POBGVKV8LO
258 000O0410 woOG . TWOGTOGV
266 000:0011 PR23uPOGV/P?
267 00000412 TRA3UTOGV/T2
268 00000413 EFF23*iPR23e*o25-l.)/(TR23°1*)
269 00030414 IF(SENSE SWITCH 3)8077#8075
270 0000041o 8078 CONTINUE
271 00000416 IFcZII.NE.s) GOTO 5903
272 80030417 8077 CONTINUE"'
273 00030420 WRITE(6-53)
274 00004*21 hRITE(c6a2I',P8GV.T5GvPWBGvgw LTBLEFF23jPR23,tR2r i"
275 00000422 5903 COKTINuE
276 00000423 4 * It
277 00000424 PCD * pSGv
278 00000425 TCCSTOGV
2.?9 00000426 CALL.PReCBO(6oa TCDaCPCOCGaCDwGMCDXWHCOKIFAN
280 000r04u7 WCD ,RO3V
2a7 00000430 TwCD0 * PCP/Kv1LCD
282 00000431 WDCD n TICE/TCD
263 00000432 1TCR.033*W0(J0I
294 00000433 DLTXH,-VcD2WCD.,W25.BLTBL-*D(lo).TV(1O))+SPLC
255 00000434 KNA5wOOu405-.F 42A772BAg-000B26664*ASe.2
286 O0000435 -IF(SENSE SWITCH 3)A170#811
267 000304t36 8171 CONTINUE
a88 00QD0437 IFflZI.NE-.1) GeTO 5904
289 0000,0440 $170 CONTINUE
290 00000441 WRITE(6,154)
291 000,10442 WRIT£E(6052)JPCOPTCO#WCD#WTCPDO6•HCoKNAS
292 0000443 "5904 CONTINUE

293 00000445 J.12294 00000445 KWB.FUNI(P0,NRAT#36)

295 00000446 WBCDLWTC
296 00000447 1F(ITERI*FQ.I) PT,,35*PCD
297 00000450 DPTX;t,
29s 0000045| 22-0 CINTINuE
299 00000452 1TER•wITER2+1
300 00000453 DTBX025.
301 000•0454 WTOL0=It'+FAB)*0B
302 0000049S M2 NRTTq:,,CN/SgRT,TBi

303 00000456 *|TER3 ITIRI 0
30* 00000451 DELPS -a KWB*i.B*e2/PCDef.771eTCO-9OB5eTB)
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Table A-2. Reduced-Order Component Model (Continued)

30S .0'0•A6 P8 s PcQDEL•P
3C6 0•D0406

1  
POCLYTB •B TPqT-TCQ)

3r7 0o,0:C62 ETA3 7FUNlIlqpBDLT8.3*)
318 OIC:0*63 PTB . pT/•p
3-90pa N; 0 o OA4  D.&ITN'r a riNP(4DPT~qBSNRTTB*7)
31' 0O..•O4,

5  DHTssHTNTI.ICN/100•.*SýRT(TB)
311 0,0;0v66 22F CALL PRSCO-(FARDTBICPB.GM•BGMBXSHBoIFA1
31 01070O•67 IF(SENSE S.ITC64 

4
)80

9 8
#
5
:91t

31A 0D%)J7 8091 C8P'T7NJ
314 oCto*071 ATlSBS(1865-**ETAB-NCD)(C18650.EETAL '181
3a5 OoO1A37? IF(IFA.GT.r) G6T8 8071
316 0O-':0773 WTER•A$S(.•T.I--T5L0)
317 0oo0t7ý04. tF(OTEHR.G7..0005) 6879 223
31% 3-ltg,075 8:7ý CONJTINUE
31q 0v.:cC,7*6 *rn.71T-AB
32- 0,%-047 7 FAbu.F/mB
3?1 0¢'*c 0500 6NeWTI+WTC
322 0•oio:C01 607T 224
323 020•05C2 8071 IF(*T1.Ll.•s *Tjm*B
3P4 30c0o5c 3  

IF(wT1.GT.(MBAI-o67623)) wTIuIo676P3.48
3r: 0:o0•0o' kTf*Lo.m.1

326 0,)00505 GOT8 8072
3*7 UI0-,0506 22, hTPLD 1(,TB+&T8LD)*,5
32R 01Q20597 aF.*T8L0W5

329 0)C20510 FAp-wF/WB
33) 0

'0j
0
51

1  
GOTO.222

331 01050s12 224 COrTINS
332 0oD00S13 4Ts6TI/tN*(HB-NHT)*WTC/WN*HCD

33* 00ý0515 TBFRRerBR-W8
335 0nc:0ý16 IF(TBERR-GT..0005) G6T8 225
336 0oC00517 IF(T3ERQLT.-'0C05) GeTS 228
337 0n-*o0520 36T8 229
33a 000D0021 22Z IF(DTtiX 2 26Af22Aj227
339 Oo2:OP 

2
t DTBXE-DTBxO..

343 010:0523 P27 Tb.
TI÷D T

BX
341 0)0:0524 G0T8 221
34Z 0C)Om25 220 IFCDTdX)Z2?2,2?,226
343 OIC-OSP6 22a C6-T(NO•

344 O):05?7 P)PT-P 0 /PT
345 OOCýOS30 IF(P;PT:,S•81233P233P30

3*6 000.0531 Z3- IF(POPT .1&•22.211,P31
S347 OOC:09C 1 231 nNTK'jPs0*
343 010o0533 6OT8 234
343) OnoS945 232 *NTKNP. POPT.*.(./1.4)*SRTI(.-POPTe-(.4/1..))
""35z 000:0535 GeT5 234
363 01%O0536 233 INTK)0.3,?15 2

393 030-0540 ý,TTNPBwFUN?(3*PTPS7RTTB15)S354 On7030,1 -T?-.TTNP9*Pg/TB*|CN
i ~~~355 Ooo-CS42 PE~.•'T
S356 010;0543 24 lr(PTE•RRGT.,O005) GOTO 241

357 0)0-30544 1F(PTERQ-LT.o.-^05) GOTe 245
39R Oý!030545 GOTB 250
359 0nCor546 :?1 IFiDPTx)24?,L'P#243

•'36ý 010-0s47 24p DPTX.-DPlx•*.
361 0ic-0550 242 PT-PT+DP)A

•362 3ýc<C;051 GOTB 220
:•363 0-0ýQ55? 24c IF(DPTX)243,P41#24P
S3A4 03-%0953 25- ce,.TINWý
S365 Dq07054 PATmiF/,4N
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Table A-2. Reduced-Order Component Model (Continued)

366 OnoQ,34oz55  TTTrNN4 JC1,ATr,..ToTv)
3e7 0 ý0'-0b56 IFISCNSE S,ITC3' 4)P098*,)92
36E 0,0:055 7  

809ý CWTIrNj
363 30:ý--.60 ASCxBn.vnpij)/S0RT(T!)

• : ~37: 31%0161 •~•..

371 0J0ý0562 IFIIIy.EQ.1) 'aaTe 60
37p 0%-0563 IvcAERQ'GT..OrS) GMT9 5951
373 03•.C•6 4  

!Fla-SER.L7.-,"o5) GiTq b955
37. 0* 0065 111-%

373 03C:0566 G09h 99
376 01030567 5951F(04l.x)5%pm~5S.5953
377 O-)aOO?0 595C DwI\E.-DhIvWc.
371 O)C0s571 595- 4I'5-1If.OA!'X
379 00' 057? O~T5 9q
3u: 090jO73 5955 IF(D.IýX);a53Dc953J5952
381 O,%:7'. 6, C5!'TINJ
3A 0'0%0575 DLý"T.H6*¾T1+WC06'.TC-wT..N
383 300576 WFw - 36*9.•*o
38* 0O00O577 OR1TE(6356;
385 03060600 ARITE(6,502) ihPB#TR& Bj ETAdp B*PTp5&IAT TKOHTNT5&wTTNP5

*386 QoOO&0l-O j - j3
387 OsOs060? ARITE(6057)
388 030-0603 oRTTEi6p,25jPT.TT.wTIAFaHTaDLNHTgw",wNTKNPAS
389 0:0:060' AcrVaso.7334499
393 030:0635 CFWCD.CE~m5fPlT(53.3.TCD/I)1.4*3•..))PCDoACD,
391 Oio.'06C6 FMC.RNr9m(CFmC:)
392 0ý:0607 CFVN.S:R.iS3(S3,3TT/C1.'..32?))t(PT.Aj)
3I: cý ;;, FMý,wRNFM C CpM')
394 01020611 FMKS;FMN..FP
"395 03o00612 AAA-i•,.2*rmS
396 01000613 AAAu&AAe*3-5
3q7 00)%0614 AAA.j*/AAA
398 010O0615 AAAm(1.4GFPINSqq.).AAA

.3q9 00030616 THRUST.(PY.AAA.P2).Aj
433 00'00617 SPFC;WFM/TI4uST
'CI o0oO62O0 wRITE(9h6791)FMCDeFMNrFr1TwRusT7,pFC
40? 00030621 6791 FORMAT(CH4O2XSH MCDPG93.5e4H MNmG13*S*5H mFMwG13*S#8H THRUST.G139
403 010j0622 15,6H SPFC.G13.5)
4'.4 00000623 P00p2 .pCO/p 2
4C5 00030624 WRITE(9,679a2PCDP2
4;6 00000625 6792 FBWMATtlkO,7N P3/P.mG13.5)
4Vo7 00000626 hRITE(6,P2n8)ITER1,17E82,ITER3
'08 0003062 7  

2108 FORMAT(INO#SXSHITERI a 15S5x0MITER2 a 15,5xBHITER3 a 152
409 0o000630 5, rBRMAT(LH1/4XtHN * DFS.S24XfIHABL a sF.4.'#.6NSHaVB *FB.4phX

'.10 03030631 *SHIGvPR " orS8.*3I X,59480vPR a tF8.4)
411 03030632 52 VORMAT(IHO,13I9313.5,
412 00000fr3 3  

S1 FORMAT(iMoo,2IlWJs4X#swPvcJ)msXmSHTviJ),BxSHW0(,J),7x,6MBL(J),7XJ
413 00000634 IHPSITx(Jho6XI7NVZTXCJ)}6XI7HPHIX(J2,6XDSNPSIpX(J)a#5XHPR•J))
414 00030635 53 FORMAT(CMO, 3Xs1NJ,6X5#HpoGVmIlOxaHTNGvlooXp4HWGV8Xa6whBLTBL,,X,5
415 00000636 lNEFF?3,I0x.4NPR23, lOXpHTR23•
416 00030637 54 F8RMAT(c1HO,3xsIHJv7Xg3HPCOIIXa3HTCO.X1aw3WCDodlX.3NWTCcgx#SHDLwH
417 00030640 lC, 1OX*DNKNAB)
418 000:0641 56 FORMAT j 0O3X#lM•#X#Hp6# 1X#2TBoIRX#2HWB# OXj4METABj 2X#HB#
419 03000642 11OXs4NPTPBJ9XSNNRTTSJSXJ6HDHTNTBSXD6HWTTNPB)
420 000•64 3  

57 FORMAT(1WOs3x31NJ41Xa2WPTD12Xo2HTTs12X,2HwT5
1 2XD2HwF712X,BPWTOSXs

421 0000 644 IWDLWNT,12X.2wWNSgX.6HWN4TsNP,12X.2NAB,
422 00030645 ICPV3) 0 PVC 10)
423 00000646 ICwoo-wocio,
424 00OL~647 ICWD1.wDc11)
'25 O0o30sSO IChV1wuSVCII)
426 01010651 IC.T7Wv'm7Wv• "
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Table A-2. Reduced-Order Component Model (Continued)

4L17 00000 3 CW2.dpl
412 000006 1 3 tCwvas*V(1pl
439 0000065O 4  CTWV.TWV(j12)
430 00000655 ICWD3.WD( 1 3)
431 00000656 !CNV3§WV(13)
433 00000651 ICTWV3u7wvc133
433 00000660 ICW04;w0(1 ik
434 00000661 C*V*4.Vc(14)
435 00050662 ICTwv4*.Twv14)
436 00000663 iCWo5sw0( 1 51
437 00000664 ICWVSuAV(15)
438 0000665 ICTW•vSTWV(15'j
439 00000366 6CWD6:wDI16)
440 00000667 ICwV6wV(16)4

1l 0oo00670- 1CTWv6TWV(j16)
442 00000671 ICWD70WDc(7,
443 0o0o06? 1CbV7TiV(17)
4 44 00000673 ICTWVtvc TV(17)
445 0oo00674 1CW08oWD(uB
446 00000675 1CwV~swv(i,)
447 00000676 lCTWV8rWv(18)
$8 00000677 ICTWOG a TwOs
4 49 00030700 lcwaGV A weaV
453 00000702 ICWDOO a WDO0

451 00000702 ICTWCD a TWOD
452 00000703 ICkCD . wCD
453 00030704 ICwDcD * wDCD
454 00000705 1c•0 • a8
455 00000706 'CPs . P5
456 00000707 IC8 s HB
457 00000710 TCRT *PT/Ki/TT
458 00030711 ICRHT . HT.JcRT
459 00000712 DO 298 l*Ins
460 00000713 I1 I.lc
461 00030714 KGAL(!1)sKGA(A1)
462 00000715 29B KV' (1)cKVL(I)
*63 00000716 TMICsTB
464 00000717 TBSSsTU
465 00030720 TM.TB
466 00000721 3333 CONTIN•E
*467 0f000077(2 NX;JE.NX,+NUNE
468 0

00i 0
12 3  

N•X.NX*1
469 000:7074 NXRNX+.R
47: 00000725 SIGNj.,
"4'X 000007?6 hRITE(904Z611
'72 00000727 WRITEt9u8060)(xc1).I.j.NX)
473 00030730 g06c FORM&7cE20.g)
474 0C000731 $061 rORMATIIHI)
"S75 00000732 hTuuTl
4i6 09000733 CALL DyNAgIAPvTv,K3ALKv8L.KNRRAf,KRAD,KA,TWVWODvSKBLDoOPRBI
477 000O0734 1)
478 03030735 W8: ,BL3
479 00030736 WBL- ,.BL4
480 O-300737 BL5SS.BL5
481 00000740 WTS.MT
482 00000741 -iTCS.hTC
483 000o07*2 ARITE(9,80611
48l 03030743 hRITE(9,90fl)
485 00030744 9007 FORmAT[////,9X*,1HSTEA3y STATE QATA FROM SUBROUTINE OYAmIC•,///)
487 0300075 0 hITTE(9, 9

0V1)
487 000:ý0746 9001 FeRMATCSx1 .MN,24K,2HoiF133X,2w4A8,l3wKjJHBvO,1 ýX,3HABL)
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Table A-2. Reduced-Order Component Model (Continued)

4R8 0iC"30174 h4R1TEC(~~ 1 NeFAvB
4A9 0031D0750 rRITE(3,9o021
493 010%L'51 900p FRMATcI/"IMXWBL3 119, 4HaBL4, I IXax4pL'5)
411l 0::02'92 wRITE(9, 9

01,) %8L3.wdL.,,,BL5
41n 0i~Q-075'i 1RITEC9,9 0fl3)
* ( ''i 0-0-0754' 9003 F'O•MT(//,?x,34wCD,12x#3,3TCDD12XK3•-PCDIIPX,3hHCD)
4Q4 0-3'"07i5 •RITE(90 9

010) ,C0DTCDPC•PH'C
"j '.5 03ýct756 kRITc'j,9C14)

"1q6  0$ý%0757 900, V0PMT (//,x2WM, 1B !3x,2TBs13X,2HP%,113X1HH8,13XE3H4WBD• 1XD4 WETAB)
4q7  0^-00760 1,RITrC9,

9
a1.0) AB*Te.PBDHdjr4BeETAB

404a 0-:O:0761 RT~P.q
409 0,-,076? 900c r0RMATC,/#D7XJ2W,4TI13X,2HTT,13XS2HP7513XD2HH?)
""5^, C'.076 3  

-RITEI0
9
0:01) tTaTTPTsIT

.571 0n-3<076, 4RITO990906
5O2 0.j0;076ý 900t FtORMAI( //sIxoe'42WN,2X,4HNABs1ýX3NýNTPTu•X•,4HTMDTs12X#2HTM)
5"3 00Cý0766 ,RIT..9,90t0) 4N,,NASo,%D TTMOTTM

' t_0770 WRITp(9s 8 0A1I I
5 6 0-"^J77T IWRITE(S9,826,0i(DX(I),Z•uI,-x)
."7 09372. -RITE(9,,RDfIt

y 5 01•-773 RITE(9' 8
3(1) (OX())aIuNxlNXRI

5". 3'9 ýC_0,7k o 8D131 1.1, ;XP
rt: Y' 3 779 8.'31 DxN,( I ) ,OX( t I

511 0)("i')77 6  
Z !NF

512 030007'7 r Tm.
5-3 05• 0-1t-,nC Dfe 8: 4. JsI ,'X.,E
"51 0:0-, '1 Ac3p SIGc.-1.%TIv k:

l 'e • ~115 I'O I.C IF(xcji.NF:,,9} GfTl y 7
91E )3313' USTGLT.. 30Td9 9032'-'a• " "Io PFLPT3 DPEPFTS • -'.7 ý r1•1L 4

514 Oo1, ?t GOTO 3704
5.4i 0 C,1j 2'1U3 CdN T IN.J
5p: 0-,c1 :I I PLPTSIG,,"(j)# EPT

?1 0<, 1.:0 37%k CONT"INJE
5?? ,Oy "tl )aiJ)-X(4)PEP

T

P '1 310%.1.%? CAL '. DYAiA (APvITVY,<JALIKVOLD' 'tRIRHAOaKRADIKA# riV sDOAVdKaL.#DPRUe2l. 5a4 C:%1.13 1)

5-• 0': 1 t' v 0 3VsIUL 3
S

-F f 0:1 1h **CJ! *.A1L 4'3

2 0- "A 12 .,;) TeAr,•T

?r r p9•' Q< 1 ? I•rK•,fl.L2.,,) ~3I1? 37:5
fl'• 3rS. , P; IFy15 7$-,, 1$';13 ,"'•, 33]5

1 C T I 1,,x"

Vi' b 5' A

'' 1 ,1 7.0 30

.3 9131 31

i "5 ... ) " . 3 92"3.". £s •7I 27 I. .' ;
;1 '31 Ti

"14., C", 17 t3 • I I ,I *

" - 3 1 4 C. 3'• 4(I)I.,X" )

I1, lo l I WIN,-' "n P

A 9•c•|~t



Table A-2. Reduced-Order Component Model (Continued)

549 O003104 4  DO 37Cj Iu X550 00001045 3702 DxI~lDNI551 00001046 PERT=.5.PERT
55a 0000147 c FIVE
553 0Q001050 C Sly
554 00001051 GOTS 8035555 000)1052 803! CONTINUE
556 0000o053 3074 FeRMAT(tHN/7xSH COLUMN 13/)
557 0000154 DO 8036 11,sNXR
558 00001055 CL?(l)'(Dx(l)-DXI(fl)/(2.sABS(PERT))
559 00001056 3076 FSRMAT(13,*E20,10)
560 000:1057 8036 DX(I)sDXN(I)
561 0000106U wRITE(31 (CLM(1)jIv1eNX)
562 00001061 wRITE(3) (CLM(1),I.NXjjNxR)
563 000DI062 8040 CONTINUE
564 00001063 0OTH 8099
565 00001064 $098 CONTINUE566 00001065 pAUSE
567 00001066 G8T8 8099

566 0o0o1o67 END

I 0o000000 FUkCTIbN INTGRL(IC#DXDT)? 0003000, CeMMMN/TDATA/T1MEPDTH

3 00000002 DirENSION DN¶(C0)
4 00000003 REAL IC*INTGRL
5 oDo0o0oo INTGRL.IC
6 00000005 RETURN
7 O00%000 6  

ENC

1 O0•0:000 fUNC7I4N IDX(1,Jj`*#NXp~y)
SO 0 C 1,0 0 0 1 D [ M F . S I FJ N N'X ( S j p LY ( 5 S )
3 o0foolQs um'o
4 00%0o03 IF(NcE.,I) .1 !T4 1
5 OOODO040 N• a K. I

a OT-O -)007 }C .IQ
9 0 : 0 0 1 0 I'•? x s S u M 4Ij• -I) .N g . )

1ý 0T%0111 PE7UQN

I1 09•C'012 END

I 010"0 0 00 FurCTIrS" AqR'(NjRAT
? ODOz03 01 PEAL NWAT
3 Ooo00o0 IF(N4AT.Gt..N5j GOT8 14 O10ý01-03 AgFN-16P'01
S On%00co 3

%Q; 0'9C•0CWpE4q

6 O0,no5 I Au70,510,1,5
7 30ic0oo6 8"-7r).5j/,15
N 1 ABFN.AAONRA,

9 010nq0o0 RETU4N
kJ O•%OQ11 END
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Table A-2. Reduced-Order Component Model (ContiwlIied)

1 O000O000 FUNCTION rNISETCNIZXNPDN1.N2)
2 00000001 COrMSN XXlj)Y(75#X5*YSPZ(9)YEto-ii~ji
3 Oo00oOC2 10),SLPI C lQ) SLP2(loh&zPYl C t02ZPT2C 10)
* 00030oC 3  CeMMOJN X1(21121)s21121s21)aJcK(40)sMX123)DXDIF(ftOPISSP(b0)JZP!C4()
5 0O0oO0O4 DIMENSION Zxcb)
6 Oooo~oOB MXCNI . Np
7 00000006 D0 1o js1,NP
a 00000007 K.P'J
9 00000010 KtCJN) * ZXK(11)

10 00000011 to 1C(J.N) s'xK
11 00000012 FN1SET a 1.0
12 00000013 00 3o NR-NI#N2
±2 0o000001 PKC(NR) * 2
1. Ooooo015 ED1FINR) *X1121N)-xtcN)
15 00000016 ZPT(wRi S iiIaIN)
16 CoOQ00l1 SLPCNR) 6(zu2,N)-Z1:,oNn/XDlrCNR)
17 00000020 3o CONTINUE
18 00000021 RETURN
19 00000022 END

I* 00C[0Oo rLýcTIeN Irh,2SETCNJyYDYo,ZJXPINYPNIFN2)
2 0ý1j00vol Cs,4MeN X)'(j7.5lYY( 17,BboNXE5)aNY(S).jLZ(5q3)aYDEL(t0)a II i0).j)JcI
3 0~002Oo,2  10).SLP1 c o,,sLP2Clo)aZPT1(IO)LZPT2(10)
4 0')0,0c)o03  COMMHN X1(Pj,21 ),Zl(21d21)IKI((40)1.XC23)x,E)1F140)DSLPC4O)IVZPT(4O)
5 o~toVQ'.0 D I ,~EY51LN XC HCI),Y~ ZCI)
s O00oc'00 5  Ir N%(Nj .*X9
7 0ýCo000 6  NY(N) . Nyo
S 0,o~ oo'e) DO I'S jslNYP
9 0)0o0Z1O YnJ.N) * vuj)

130 Oo:01 I1% IVl111lxP
11 0.)c0)o12  K a ItC.P1)ak~XP
12 Oc:ý0c13  

LL&ajpXCIIJjKgNXANYI
i 0 o0o0C1i 10; ZZL~LUsZ(-q

14 0ýo0 )0)b1 Cd 2. lti,k.-XP
15 01t0,),6 2ý XA(IN) a x(I)
16 0n0ý,C51 7  FN?5F4 v*.
1,7 00'con020 Do 30 'S-Nl1r2
is 0rC)Co2l I IU(NR) * 2
19 O')%00~2 2  Jj(NR) * 2
2fl O')oCo? 3  XOEL. a*XPK)-XIN
el 0ý0100ýp4 YI.EL(NR.! a VYCPDN)-Y.Y:1*4
22 O10QJ032 5  LL.I0X(1If,~k%XhNY)
.23 O10'0:)26 ZPTICNR),Z27(LL)
P4 o0:0u2~7  '.LUIOfXi1'2.,,oNWJNY)
25 0')010030 1PT2(NN)FZZ(LL)
26 O'O0OOJ31 ULL-DX(PJi.N.NXINY)
27 0r0'J0332 SLPI(NR)aCZ2(LL)"ZDT1CNR))/XDEL
28 01010)S3 LL.!')X(P2'Pe..NV0NY)
29 OoO:'0o,3' SLPB(NP)(/.ZZCLLý).?PT2CNR))#XOEL
3c 0,)%ci3 5  3, CO..7 RuE
31 0,t0j 0uJ 36  RETURN
32 0,.o;0ji7 EN

76



Table A-2. Reduced-Order Component Model (Continued)

1 000-0000 PUNCTIbN RNV(Cc)
? 010:0001 XKuC
3 0000000? IF(C.LT,,SAI GATe I
4 00000003 RNFM*1,
5 00000k RETURN
6 0O0•o00o ¶ XKS.XKixK
7 00100006 As(1.+.2*XKS)
a 0)000307 AS.A.A
9 000000o 0 ACeASSA

10 00000011 UPaC.AC-XK
I 1 000001 2  

DNsI.*C*XK*A2-1.
1i 0)000013 XKPI.XK-(UP/DN)
13 00000C

4  
RATUABS(XKP1/XK)

14 0000015 RAT.ABS(RAT.i.)
15 00000016 IFIRAT.GT..ooH) GUTS ii
16 000:0017 RZNFMXKPI
17 000000PO RETURN
18 00000021 1( XK.XKPj
19 000Q022 G0T3 1
P3 O00000OP3 END

I 0Q)O0000 FUNCTION TrNW(NXFAXMHXTV).
? 00C0000 DIMENSION 'V(2n)
3 00000002 DTxw50.
4 0o0o000 3  

TX.TV(NX)
5 0-)000004 51 CALL PReCOMCrAKTXCPX9GMXGMXXEXIoIFA)
6 000:0005 IF(IFA.GT.1) GMTO 70

7 00000o06 TXERRNHXbL4Xi
a 01000:07 IFrTXERR.GT#,,)01) WeT 52
9 09000110 !FCTxERRHLT-.-00) GeTs 51

10 0000001l GUTS 60
1% 01030112 52 !F(DTX1E3#S3#5S
12 0o0o0•1 3  

53 D7(D;T(04.ý
13 00C:0:1w 5a fx.TXcL)TX
14 0¶000015 GdTB 51
15 0:0:0:16 54 ýF(DTX)•48r4,5

17 •03•P7-. C:ý.TINUF16 0ý0ý0017 6' T1 U

11 0o0-clco TvCNA)sIT
2 a 0g0:0cP3 P•£jqN
21 0003:012 END
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1Table A-2. Reduced-Order Component Model (Continued)

'0o , n. ý. ýI IWAs
0' Q", C-02 IF(VAwx.Ca7.3.) F3TO 2

4 '.C OC C3 FA .XSC,
One O', ' IF -As

', On)c.O n.5 (10' 3
7 Qfl(r ., C"r A .F(FAk,.LT,)6e70.,) ifTO 3
t O'•C( g.O '2•/,

11 0C -',c r TIFTrx.LT.,,-flO.) 3PTO 7
12 C2C a3 4 O.;G *
I- D. 4 4, , IF I FA,.F.Q. GO'Ta r'r

14 O1 F•", 5

&A 0 [--" N17 ' F e

17 C"'lC ZCjO 5uTO 1(
1w 0', 1 7 IFV(TFX-?30'.-: ) q,1 4 ,p
1 0 O-,-'"P - IF((T7 f-q,9n.) I 14vjA16

One C UP3 CIr(TrX.PO'ý'.) 1?u1?s12
P 0 0' 2 "4 1 CPA P644+P.xE-5.(TEX-1500a)
? Q')ý •',,• HA a (.?PPlQ+.OP2!.LNTEA).TEX.*2.373s,
23 0-C•r .r ,Ad T.
P• Og,0"",'• c " ip;. Cpt * .P?7-40,,1ME-C5.(TW-2000.)
2: 0"ýC D-4'0 HA v .P lr,1 .;92; -,.,,TEX) ,TEx+2. 371.-3

S OC -L, 41 C, tu T-1
7 ý! 0.'. 12 1,. CPA . .;"7710+.1. pE:50TEx- ;0f;.I.)

0,) 09A- •9'•" -A . 6 E-6*a T C mq• I *xTLx 7. 4C 4
E 0'r. 0 2' r5o T1 4
.ý 0"C'}i' 1 CPA p *6-r_#¶j7E-,*(TEx-p500*)
31 0'%LO.36 L'A a p5'l .,,5.36L-6*TCX)*TEx-.7.4(,4
32 0Qr-, ý -0 7 CU T , T '4
-433 '))'CJ:O, 0 41r IF(TFx.GTT . .I G5 Tl V L) 2k

4• 0"0 O, 1 TO F.4.),, 0-:-,

35 0.,,.:0:14 P IF A.FQ.1) •AT9 Ij
1s 0'1cý0"'m3IFJ;

"47 0,s-C.IC74 CiuTO 24
3R 0C'.:CD5 51IFA
"39 050 C-'"6 G01'o 24
43 0"Oj;s04 7 21 IF(T!X-70O.) - ".2,)28,22
'1 03*O5o2 IF (TFx-12j'). ) ",8p.10D0
4P CJ,0c;".61 2? IF(TEx.lOn.) 24•126e?6
43 0nrl-0cA; 2' CPA a *3 2 tt..T~~0.
44 0O".ý0"S-i HA a (.22Aý,qt1.1?GE5•-TEx)'TEX+I,5 2 14
"a, 04 c;,',C ' rC tj Tu r
4'6 010 CJIsý pi. CPA 0 241"#,,suF"5eTEX-7Q0.)
47 0C0',CF:,6 WA (.22e,.4%1.peE-5.TEx).TEx.3,5 2 14
,49 03CC. 0 5j7 (lU TH 40
&g 2O•OZA2 CPA .*. 'EX- Tx3,)

0.i Coo 0:' 61

U., 0oQ,6 3- CPA *.P'%il+j.IE-6.(TEX-9CC.)
-, Cn O.O'1'4 HA * u,'T9,+T,292a-5sTEnIsTExp.3711

') 0c',eA 5 4r iPF v .9331.-(u.rYE-5+3,7E-S( jSCO.-TEXKI,,rwCC.-TEX)
05 Cn"-'O066 WF * (.)O O+t6A.IAC•F0.TE•E TEX , 3 2 .pj

rq "'0'10 '67 CH', (CPAt+ARXsCPF/.(I÷FARX)
c,7  O n)lQ',7 0 6 (HA.FAQX.HC"')//(C FAWA)
I'g OCsC;,Cjl A'Iv * •pCQ.'I-.94•6j8AsFARX

'19 0'Oc'vO 1 7p G f, G

62 OoOO075, RETURN
63 000o0076 ENC
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Table A-2. Reduced-Order Component Model (Continued)

I 00030000 FUNCTION FUNI(NXINDNR)
2 00030001 COMMON XX(l7j5)1 YY717,t)SNx(5I)NY(5)sZZZ593)sYOCL102),i1(lO)asJtI
3 000o000 2  

10)JSLPI( 1
0),SLP2(O)1aZPTI(10)sZPT2(10)S00000003 COMMN X4(21,21)3Z1(21.21).KK(40)SMX(23)}XDIF(402.SLP(#0),ZPTIf0)

! 0o000o000

6 0000005 IBLD K K(Nq)
7 01000006 NX MX(C)
a 0000000? IF(XI!-X1(IOLDJN)I 105,105,120
9 00000010 105 IFXIN..X1(IOLDO.1N)) 1401'.0u110

10 0100o301n 1r : -ITLD
11 00000012 GO To 250
12 0000013 C COUNT UP
13 000o0014 1

2
n IF(XIN-XIX(NxPN)) 125#180,300

1. 00000015 125 NF e TOLD.+ 1
15 00000016 DO 130 : . NFNXP
16 00000017 IFCXIN-XIKN)) 200D200o3IO
17 00000020 1

3
r CONTINUE18 000:0021 G5 TO 200

19 00000022 C CBuNT DOWN
20 0o00002 3  

14- 1F(xIN-X1c(1,)) 300o 190,145
21 000002 4  

14rý N. a• OLD - 2
22 OcoOjS5 DO 150 K . 1*NL
23 00000026 1 * TOLD - K
24 0000OO07 1rIXIN-XicI-1S')) 150,1500 200
k5 00000030 15- CONTINUE
26 0*OoOoV3 GO Tq 200
27 00000032 Iar I . NXP28 000,,0033 GO T9 2C0

39 0oC0034 19( 1 .3.' 010ý0005 20C X01FtNR) 8 XWON*)-XI(O-10N)
31 00000036 ~ZP•'C*R) IIIN

32 00000037 SLP(NR) ((mN)-ZPT(NRJ)IxPF(N()
33 000040 25- xIf.C a XIN-x1(I-I1N)
34 000DO041 FUNI * ZPT(NP)4XINCCSLPCNR)
35 01010042 KK(NR) * I
36 00000043 PETURN37 00•0• 30C CNT I NuE

39 
0

00 0
U%45  

IF(XIN.,T.~Xj1TN))FUN1.Zc(pgN)
39 00000046 IF(XIN.G7.I(NWPAN))FUNJ,.ZI(Nfpmiý)"4: 00000047 RETURN
%I OODO0O5O END
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Table A-2. Reduced-Order Component Model (Continued)

I 00000000 VUNCT1qN VUN2(NXINYINNR)
2 0W000001 COMMON Xx(C7DS)JYY(17,5)mNX(5).NY(5),ZZZ1S9S)#YDELIIO1II(1iOsj.nI
3 00030W IOs)SLPt(lc).SLP2(10)ZPTI (10).ZPT2(I0)
' 00000003 COMM•N X1(21,21)*Zt(21.*2 )KK(40),MX(23),XOI(40),$LP(40)#ZPT(4O)
5 00000004 C TEST FfR X IN PREVIOUS INTERVAL
6 00000005 XP * NX(Nj
7 00000006 tOLD £ I(NR)
8 0000000 7  

IVtXIN - XXIOLONs) 105105u120
9 00000010 105 VF(XIN - XX(IP.D1,N)) I*0'1*0,11O

10 00000011 11C I - 1eL 0

11 OoOoOo1
2  

GO TO 200
12 000o0013 C COuNT UP
13 0000001' 12c IF(XIN . Xx(NXPJN)) 125,180.180
14 00000015 125 NF a ROLD * j
15 00000016 DO 130 1 a NFoNXP
16 0000017 IFc(XN - XX(IsN)0200ZO0,130
17 00000030 130 CONTINwE
18 00000021 Go To po0
19 00000022 C COUNT DOWN
20 00OOOP3 140 IF(X!N.XX(¶I,k) 190,190.1*5 .
21 00000024 1*5 NL a IOLD p2
22 O00000O28 D 150K 1,NL
23 000Q0026 I a t.0 - 2 K
24 00000027 IF(XIN.XX[1.tN))150*150.200
25 00000030 156 CONTINUE
26 00000031 GOTO Roo
27 00000032 18

o I.NXP
28 00000033 X!NPtXXcNXPN)
29 0000034 So TO 200
30 00000035 190 I v 2
7I 00000n03 XINuXX(tsNI
32. 00000037 C TEST FOR y IN PREVIOUS INTERVAL
33 00000040 200 NYP * NY(N)
3* 00000041 j86D * ,J:NR2
35 00000042 IF(YjN -YI(JLDeNr) 208. 205. 220
36 00000043 P05 IF(YIN - YY(JOLDOIN)) 240,240,210
37 QC,(oo0o** ?lo ~j*
3: 00000045 -$0 I OLDp 300a400.300
3, CO00004 6  

C COUNT UP'
40 00000047 t2 IF(YIN - yy(wYPN)) 25 2600
4! 030g0050 225 NF a JL0 + .

48 0000C051 O0 210 J v NtNYP
43 00000052 IF(YIN * IY(jaN)) 300,300]230

• O000o0053 235 CONTINUE
49 O0000054 an TJ 300
46 00000058 c COCNT DOWN
47 O0000056 2*0 IFCYIN I YY(1DN)II29, 20aS45
46 00000057 245 N. a JeLD -
49 00000060 O 250 K 1.NLio 00000o6, j v JOLP K
C% 080000060 I(YtN *YY(jwlN)) liO0R20e300
Bg 0000006G3 ClO NTINUE
65 00000664 00 TO 30O4 00oOo:* ago 4 * NYA

as OoO00066 YINuYY(NYPVN)
56 00000067 00 T8 300
57 OOOO9O70 21o 2 9.
so 00000071 YIN.Y~j tNp
to 00090071 C CSMPUTE IMr INTERCEPTS ANMID SPEh U

a0 00000073 300 04L e.xX(INbIXXII-1gN)
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Table A-2. Reduced-Order Component Model (Continued)

61 0ooo0o7 D E•NRj, YYijJN)VY( J.I#N)
6? O000Oo7! LL ?XsJisN.NxNY)
63 00000076 ZPTIfNR)PZZfLL)
64 00000077 LLuIDXiIejDNaNXsNY}
65 00000100 ZPT2cNRjSZZj(LL)
66 0000010 LLoIDX|o jow#NiXjNy
67 00000102 SLPI(NR)a(ZZZ(LL).ZPTI(NR))/XDEL
65 00000o03 LL-IDX(IDJsN.NxDNY)
69 00000i04 SLP gNR)C(ZZZ(LL).ZPTI(NR)3/XDCL
7D 0•0000105 C INT RPOLAE FR ANWE
71 00000106 O00 II(NR) - T72 o;6;o107 •JJER) w j
73 00oo0110 XINC a XIN-xxtloIN)
74 00000111 PtZZ ZPTjfNJRI÷XINC*SLPj(NR)

75 0000011? P2ZZ : ZPT2(NR).XINCeSLPS(NR)
76 ooooo013 YFRAC a (YJN.YY(J-IIN))/YOEL(NR)
77 00000114 FUN2 a PIZZ YFRACO(P22Z-PIZZ)
7: 00000115 RETURN

79 0,5000116 END
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Table A-2. Reduced-Order Component Model (Continued)

1 )O:C*I iw 44t, TINE My A(AaPvTV, K JALP ýVMjL aC.Qa'AD.;(I4AOgKA, Tiv,, AL'* L¶
:' 1 !7Otp .T)

3 Oi')32 hESe
4 O2ýýD't0- C IE~S <QD p (3 ~(2 W ? KL(#P 1

SOICO:Oct 4 Cu-MqN,7TDATAT1MCE,DTH
£. Oo-C.'-5 cb0M1m!h/ATA/Kc ?).LU4)fLTAC3)sý)X% Aj,flxc 61,DX1( 6),*CLr.( 4.)'Kv 6 LI

7 0-%C 0' 1 .'4 , KvrL9G,.k 3 ALeGIN"RiVS TCS,~fCv(uCP<tSALCL)s KAlSI-3ALt.*

q 07f.001 0  3ro~l.3.L4*,.LiaAC3.-W)C'),1%.CUETAdL447
it' O".C:011i **TCD, %qcA,NHp;3,FRLfj'R
I1 I 1cI2.? L RA'-. K9JKR,%c1,iCj, I 'Jc1'%,13VFRJ:v 1,3,K( 3, <4#,0j,-.C7,LP(ALa !L
12 0O)Ct'0'--3 REAL. KV)MG~GKO.)KiLDKGL,.BK)t,~)TKP
13 Ot)--'C:C

4  
REAL KF~.C.NRDK#!GPNA-RT~~~pcDJ~~

14 O)Co11C:i" REAL I C"D I2, wCE43a TCyO'.
15 OciC:O'fl' PEAL 1CDjIC.LD6j TCD7
16 OncCt'iý7  P~EAL IC.D'a ICqdDOGJTCTACDSICVC)
17 0DOT'O 20 kEAL 1C.ýDC'D!CA'3S!CDý3ITC>8hICRTpJCF4JTD!CFPrT'2,NC3SNC4.9NC5S%ý6
1A ¾3'OjOJ;?l REAL NU7DNýCE,NEMD*lTE'jIArPLSP.'TGRLKlC
19 DO'Co0o-,P? PEAL KAbAIC,1CeSa.%*DT
nt 3R:0$EAL K ) NAIAIjKel

21 OcCjO:?'L VAE E(I -%*
P2 O"'Ct0'O2a E4 UIvALENCr
P3 oinO1V26 ?(\DTZ3XC
24 o0o0!ot'p 3i) jsTv yy> Tp~A(2))[a P8.EtA(3) I*(..j4)uAiL)
?s 0fl030:3t EMLI1JALUhCF It1CiTM.x(2,).(T--DTaDx(2)))
26 O'0C0O31 'EAU1vALFNCE PF )())(TD()[ ~.~, STIX6

27 OtcCzOW os3
2

,

29 3tcz'C:313 9r. car TI r
%~ 000:C:345 CELPTE¶*-1
31 O')DO;O^36 CEL*&20. C ,011
32 0,0:0,37' 1TFR Isarz
33 OnCcO:*O ITýRp.r
3* 9Oc:zO'4l 99 COk~tNEF
35 000o-0-12 RTHO.SUjRTCTVD/A18.7)
36 Qfl-DOrf4 Do 299 I-j'q
37 Ot'Cj~Oz4 4  

29q N(laNqoIjuC
38 Oo:z0t'45  C
39 0f0:0246 C DY APkICS
40 Onoý -t47 L
i~1 Ove':5OS C ItLET A,,[ ST Arr, 5, E
42 0O0007QsS L
4 3 O000z 0 05s -.CI a.RH
44 Ot'O0Cj,5J LS NCl,165fl3

4'$ O00)O055 rvr' - PP'P3VPQ - *COE.PZ
47 OoC,.O056 N2)I . MoO
48 OOC'jOC57 DELO a PVD,¶..7
*9 Oso'D:OjO Pp1 . AO1APTI40/CDELCVA(1i))
5V' Osc'VO61 *LT s(A( 1 ) + KA(1.FPj + hCA(2II.VIJiaVP1
51 OoO)Ot'62  PHTI a VZT1,hgIRADc1)*NC1)
Re Ocot'0163  P5P FUhJ?I2,HjCNIIUv,,)
S3 Q'10ýCt6# PLj* PVO*(1..PSTPjsI(qR(I,/TVO)*n3aE
54 Oc0t'Oc65 Pvi . PD1
5500s 06 ssI1TiFLIN2(5.PLJ:1D13V9,ioI1
56 OsO:Ot'6' 701 a TVOOQC(IIOPSTT1
57 010Qj0t7O ivi * TD1
58 010D%7'7 C
S9 0q,O )-,,72 C StAGE TMO
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Table A-2. Reduced-Order Component Model (Continued)

U O8e0888?4  RNC2.NI W

63 00000076 DELI l PV1/14T 7
64 00000077 WO! a wDl
. 00000100 FP1 wD2.*T$I/(0ELl.A(1?))
66 00000164 VZTZ KA(* ) # KA(12)eFP2 * KAI22).FP2.FP2
47 0000010o P1!2 * VZTf(KRA0(2|*NC2)
4600090103 PSIPuFUNIc5.PHI2,7)
63 00000104 PD 1 * PVIa(1.4PSIP2*KNR(2)/TV1)**3*5
70 0o00010o Pvj? pDo

S?| 00000106 PS•TYPFUP(1(6 #PMl2,9 I
72 00000107 TD;! * TVlKNR(2)ePSIT2

7, 00000110 TV? a TD2
7400000111 c
7500000112 C STAGE THREE

£0 00l000113 c
77 00000114 RTHT a SGRTtTV2/51f.7)

W5 L0000115 NC3 ;N/RTH A
79 00000116 DEL2 a Pý2/14*7

so 00000117 SA3 E W02
$1 00000120 FP3 wD3*RT-2/(DEL5*A(13))

s000o0121 vT3 a KA(3 1 * KA( 1 3.*FP3 * KA(23).FP34FP3
0o ooooo0182 PHI3 0 VZT3/,KRAD(u).NC3)
14 0000013 PSIP3rFUN1i #Pw13#I't5
to 00000124 P03 p PV3*(I..PSIP3AKNR(3)/TVS)I.3.5
16 00000146 Pv3 v pD3
to 000001o 6 PSST?-FUNI(8•oPWI313)
as 0|0000127 T03 TV2*KNR13)*PSIT3
At• 00000130 TV3 T03
go • 00000131 RTH3 •SOR7(TV3/51897)

toe 000001)2 hBL3 -K8LD(34IASL*PV3/(K3.RTH3)
109 00000133 c
9t Ooooo003 C STAGE FEUR

li 400000135 c

S00000136 We W3-*BL3
11 00000137 NCS * N/RTHW
91* 00000140 DEL4 * PV3/ ,17
98 00000141 rPI w dD4eftT3/(OEM3*A(j4))
19t 00000163 VZTS J KA(53 # K2(I*IeFP4 + KA(24);FP5.FPe
110 00000163 PHI* P VZT/fIKRAD(k)*NC*)
ot. Oooo0044 PSIPSSFUNI(I IPHW4!15;
l1o 000001o 5 Po0 pV34(1.*PS1PC#KNR(5)/TV3)*.3.5S~Io3 Oooo0I46 P°V4.F PD4P'',?

10 0000016? PV! • OI
cel 00000 so '0-D4 TV3+KNR14)*PSI?4

1** 00000151 TVOI Ts i 2

IQ: |01 000o03 WOL4 @K8LD(4)eA&LV4/(K33RTN4|t $0 00000154 c
S110 00000135 C STAGE FIVE

" • 11• all 00000156 11 00cs D

113 00000160 NC5 • /RTW4
1 14 00000 61 D[L4 Pv4/t14?
Its•| 00000162 FPti w DS*XTW4t'•O[•$eA'I$))
116 00000 63 VZ75 •KA5;4| t A;iSjerP5 4 KA;25t*FPsoFP5

S117 00000164 PHIS •VZt / K ADIS)@NC51
Itsl 00000169 PSIPSFUNt:tI# HI8j1||

-i 1tv 00000166 PD5 PV4 1V-#i*PSIP5KNR(5I/TV4)&*3*S
Stoo 00000167 Pv! o

let 00000170 PSITsvVuN1(j2#PW|Sj•t)
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Table A-2. Reduced-Order Component Model (Continued)

12 00090 13 WRIH 'L ieVp.M19,e3RTS
12& 0OflOgIS C
117 0o000ifl C SnAf SIX
1e8 00020i~ C
to~ 0~0Q00f9 WDý wOsuWULs
130 00op0 oI NrCI ,wvtyws
131 000=Q@30ln~s
133 @0oPC0' KL6 W PfTV /(0Ue.7s~
13* ;0*0 040 VZYS K6AtS, *KAII&)j*PG s KAg1e*.FP5qp&

L34 000000,PMtS' ,VETflCKRtAPISI.NC6)
135 000*0010 PS1Pg~.rUlgj2PwI46a23p
136 000g0t0' PM6 v PV6.U..*P3IP&.KNSIS)/TVII6.3e5
137 0cooft010P6P4
135 0000021 IS7 FUjiqP ler
13f 00 000110 70$ * VS+gcwmte).PUIYS
1*#0 00090213 TV&Swt06
*4i Ooooo0214 c

1*42 0ooo0t11 C *tAft SEVEN
1*3 0:0000l& C
14* 0o0302i7  wD.7swO&
1*5 OooooflO RTMU aSjR'I(Ve,518s7
14* 000o002 1  "C /twj
1*7 Oo0g0flE OIL6 * PVI,4tia7
1*1 00oo00n3 rPi ; w0?eNTwSjuDEL6dAfl?'),
I*9 00000F24 y177 * KAC?) * KAjIIT)*VPT KA(ETI0VP7UFP7
15 soQO0C0B22 PMI? * VZT71(iKNAD(7leNc7)
151 0000032' PSIPT.VUNJIII5s.,NIV8mf
Lit 00000 22 P07 q PV&*(1.4PSIPYOWNR(73/Ty5..3qS
153 00000220 VO0

1:4 ~ ~ ~ ~ ~ i Cuz: STvU j16j N170 29)
1 5 00000131 %O7 s TV'.KNS&i ).pUIY7
166 0o~oo033 Ty76T0?
157 00000tI4 c
158 00000225 C STAGE ELIN?
159 000o0ll' C
160 00000237 WDS-WO?
161 00Q0O3*O ATH? * SRITrv71,v7ae)
162 000:02*1 NC5 ; N1'RNY

r6e 0w00faRTN7 P 7,P(EL.AIS

165 003024 fzTS , KAEUI * KA(jB)*FP5 + KAg2I)ap'P5.7p8

16& 00000250 Poe P pV?ecj.*pSi09sKNRcs)/TV7)**u.s

170 00000251 PS??aurUNlclu*PNIS,33)
171 00000252 TO$ TV7+KNR(BIUPSITS
17e 0o0~0a02 Tvg.ut~s
173 00000254 c
174 00000255 C OULTL!T GUIDE VANES
175 000002!k6 c
176 000o0857 W6GV a ODA
177 00000260 T8GV".T0B
176 O0030261 du VPR.vUNjc3,Nc1N,3)
179 00000268 PSGV.SGVPROPOI
18D 01%o 026 3  C
1IA OOC30e64  C COMPMESSSR DISCHARGE
19z 00000265 C
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Table A-2. Reduced-Order Component Model (Contir..ied)4

130'0010266 WYC a *0330wDo
1400030267 TCC*TBGV

18g 00000270 WCD-W8GV
186 00000271 PCDUPBGV
187 00000272 YwCD PCD/KVI(8CD
lag 0o0030273 WDCD;TwCD/TCD
leg 0Q000274 C
190 00O30275 C BURNER
191 0000027' C
192 00000277 CALL PReOgM( O..TCD.CPCoDw.ICo.;MCoxe.qo. IFA)
193 00000300 Wa.WCD..WTC

1400000301 FABUWF/W§
1500000302 NRAN/16500.

196 00000303 KW~mpi.NjC20PNRAT,37)
197 00000304 140 ETABOGETAB
198 00000306 HNB.DI.4C001SEsQ.AB*FAB
199 00000306 T[BmfFN"4(2#rABHBs7V)
200 00000307 !PIFNIy.EGell TM-TS8
201 00000310 Tr¶DT's4.500e2aS&gTEB-TMhI15,.O.lIa
202 00000311 Two?*aTaloOl*MT/O2*B

203 0030312 ELPq a KwB.wB..2/PCDO..771.TCD..0S5.TB)204 00030313 PSPCD.DELPS
205 00030314 awBPB(BTD
2-ý6 00O00313 PETI..'TB.PB.CTBTCO) 5

-1207 00000316 IFAj(TqETA8PiJ)tg.aD T.I.E.I (8 TO 140
Z08 00000317 NRTT8 . N,#SaRTITS3
209 00000310 hkToWS.+
210 00000321 FAT*WF/("*-WTC)
211 0000032! PTPS - PT/PB
212 00000323 WTTNP8 n*FUN?13*PTPB.NR1'TB*6)
213 00000324 WTCAL . WTTNPB*N*pBTB
214 00000325 PTERquIwTCAL.WT
215 00000326 WNOWT wyC
216 00000327 DHNYNY 0 FU14e(4#PTP8#NRTT~a5)
21, 00000330 DHT*N/l000..01TNTB.*gRT(TS)
218 00000331 TH-H
219 00000332 HT(T.Na.bTwT*C/W+Y)
220 00000333 TTsTrNNC),FATDI4T#TVI
221 00000334 PP'OP
222 00000335 ioNTKNPwHKEPT PT
223 00000336 KNAa .5,04o5..U42Sfl2.AS.oOOO12666 4oAA..2
e24 00030337 WNCAL s WNTKNP*ASOKNA3.PT/SGRTtTT)
225 00000340 wNERRsWNCAL.WN
226 000.00341 WdLTBL a WBL3*TV3+W8L4*Tv4*WBLSOTV5
227 00000342 DLbiNC.*4CD.WCD4,24.* WBLTBL.TVOowDOO
22' 00000343 DLwHN-T.YDwT
?230 000034' ND*SEDN(DWTDWC
22, 00000344 IF a6 ,i~ ITR)LERO.N.SWNR.TERR0TOIOU
231 0000)0346 C GRADIENT CALCUDLATION
232 0000034' ITERjwITEP~j+i
233 00000350 05 To h10,2D,3014o,5o) [TERI
234 00000351 to r9PTERR
23: 00000352 GuwNEAR
236 00000353 IFSAESIT43 11

?:00000155 IPI.D+WLw~PS75oaSW6P6T6WP7T7W~P8
?3g 00000354 IOIIwSGVDPSGVTSGVWiTC.PCDaTCOWCDaHCDeWV, wB.PBeTBeM40,WTgPT.TT.NT,
?40 00000357 3WNFA8DlrAYST.EASKNAh.DELPBDNRTTBWTTNPB,PBDLTSJDMTNTBj,DHTWULTbL-
?41 000:0360 4OLWMC,0LWMT,ND0NSPTSWD0,pTERQ,wNIERAW7CALWTpWNCALjw N tTER1j!?ERP1242 00000361 OUTPUT(S) TEBAYM#TMOT

243 00000362 IFISENSE SwIVCW 6) 13#12
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Table A-2. Reduced-Order Component Model (Concluded)

2** 0o000363 13 CONTINuE
245 0000364 PAUSE
2*6 00000365 READ 5,300,) MuM
247 000o03ob READ(5,300) PTpwO0
248 0o0j0367 300 FORMATi2E 1 2.5)
249 00000370 GO TB 95
253 0o000371 12 ITERe.!TER2,l
251 00000372 PTsPT*DELPV
252 00030373 00 To 99
253 0030374 2, F.PTERR
25. 00000375 GX.wNERR
255 00030376 PT-PT-2z.OELPT
256 000u037 7  

GO TB 99
257 0030400 30 Fxe(Fx.PTERRj/(2-.DELPT)
258 00030401 GXa(Gx-WNERR)/(c2*DELPT1
259 00030402 PT%'T*DELPT
263 0003003 WOo.wDooDELWDO
261 00010404 Go TB 99
26? 01010405 *0 FYsPTERR
263 003006 GY.WNERR
26* 00000c07 hD006Do00,

2
DELWDO

265 00030410 0B To 99
266 00030411 So Fvs(Fy.pTERR)/c2s.DELWOO)
267 0000o412 Gya(Gy-WNCRQ)/(2e*4E~w00)
268 00000413 wD0.•D0+OELwD0
269 0x30410 DuFX-Gy 6

GxfrV
273 000o0415 IFABSCDt)LT.,Oo00001) STbp 77
271 00030416 DXxS(*-FGY4G.FY)i0
272 00O40Q1 7  

DYY'*CG*Fx*r.Gx)/b
273 0000420 IF(ABSSDXx).LTS(2..DELPT)) GB TB 60
274 00030421 F-ACTBRs.2,DELPT/AISCDxXj
275 000-042? DxrAcTOReOxX
276 00C:04'23 DYYWFACTBR.DVY
277 000)0424 6C IF(APS(DYy).LT.42..DELWDO)) GB TB 70
278 000Q0425 FACT5R*2;*0ELWDO/ABStDyy)
279 0CO0402 6  

DYYeFACTSR*DYy
290 00030427 OXX.-ACTBR.DXX" 28 00ý04030 7- PT.PT*DXX

2A2 000:03431 WDO*SDo4DVY
283 00030432 ITERImo
2F4 00030433 GB Tj 99
2A5 00%04034 10c: CONTTNQE
286 07¢C)0435 N a IKTGRLfICkNPNTj
287 0x0ý043

6  
IFISENsE.Sw;TCN 5) 110#120

298 00^-0437 11- WRITE(9#511 ITER22p9 0080,0.0 511 F5RMAT(1H1.sX.I2wC NvERGED lN# I10#12H ITpRATIONS)
O9 Q 03C'0*1 BUTPUT(9) N..FAg,:VOABL.NDToPTERR~wNERRPTWO

291 0C.O0'042 wRITE(9s51p)
2Q4 0oo004 3  

51i FUOMAT(1H 1 )
293 0?0o)04. 12' CB'TINuE
294 00C00'45 RETURN
295 OtC>.446 END

I 000o0000 FUNCTIBN HBKEY(POPT)
2 0000000 IF(PBPT.GE1,) 08T0 I
3 00000002 IFcPBPT*4E..531 4BKEy.PSPT..(1.11.*).SoRTht..PSPTeu.,/1.*))
* OoooOo03 IF(PBPT0E.0.**ANO.PSPT*LE..53) HBKEY.25sB8
5 00030004 RETURN
6 00000030 ± H84vY.
7 00000006 RETURN
£ 00000007 END
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Table A-3. Engine Component Characteristics

FUNCTION Fl1: ABLB = f [BVOB1

BVOB ABLB

• 0ooooOE 00 POOOOoE 00
1O000oE O0 .16000E 00

@20000E O0 933000E 00
s25000E o0 939500E 00
*30000E O0 045500E 00
,4000QE'o0 5.5500E 00
*50000E O0 ,63000E 00*7.0oooE 00 .788O0E 00
*1 IOOOE 01 QtO000E 01

SFUNCTION F12: IGVPR = f EN,/N MAX]I

N/N' MAX IGVPR

03000QE o0 *99800E 00
s 63000E o0 .99800E 00
-6500QE 00 099750E 00
*7000oE o0 .99680E 00
"7500oE gO *99570E c0-80000E 0o .99Q00E 00
9O85000E gO .99200E 00
@9000gE 30 .98980E 00
.95000E 00 .98750E 00
'lO000oE 01 .98500E O0

FUNCT#rONF13; :)GVPR =f [N/NMAXI

N/N MAX OGVPR

100006E qO .99800E 00
s60000E00 .99800E 00
.65000E oQ .99750E o0
.70000E 00 ,9?680E 00
-75000E 30 .99620E 00
.g000QE 7O .99570E On
*8500oE n' *99530E Co
*10000E 10 .9950OF 00
*looooE -,) I99500T 0 0
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Table A-3. Engine Component Characteristics (Continued)

FLANCTION FIL5: ýP2 = f t

02 2

.ooooQE Q o ;ao5oE 00
*45000E 00 *69500E 00
-50000E 00 ,74550E 00
,550O0E000 P79200E 00
,56800E O0 080700E 00.
*58000E 00 *81600E 00
'60000E gO ,831Q0E 00
•62000E go .8d00E 00
*64ooE.- .085600E 00
.66000E 00 *866Q0E 00
*68000E 0o0 .8300E 00
-70000E gO .47800E 00
*72n00E OQ n87900E 00*i 73o00Q O0 .7SOOE O00
*7AtOO•E: OQ .087O0E 00

-7400E 00 86600E 00
'7500oE oo #85300E 00
_76000Fr ,81700F 00
"976 7 0O FO0 *78000E 00
,7900QE o0 .50000E 00
,sorooE no *25000E-O1

:FUNCTION F6P16- T f.[023

•.-~

*2 2
9005000E -0 Z9500E 02

s4SooE po ooq0E 01
*4500OQE 00 97000E 00
*5500QE 00 095500E 00.565005 00 .09.300E 00

,58000Q 00 *9510E 00
-,- 600ooE o0 :95200E O0

*95600E 00
"64OooE .0 *96000E 00

oS600QC 00 *97COOE 00
*68000E o0 .97500E 00

1*,TO00QE 00 .9-O0oE OC
"72o00E o0 ,980pOE 00
'73000E 50 ,97800E 00
..7400QE O0 '97200E 00
,7:OOQE 00 *96200E 00
.76000E QO ,93500E 00-- 9" '67coE no ,90300 O00

*.-,00-E 00 o62000E OC
S80•00• • .,22000E 00
.82000E 00 "26000E 00

88



Table A- 3. Engine Component Characteristics (Continued)

FUNCTION F1l7: * f P~

403p

6000006E 60 .55.0001E 00
*3o0000E 00 e6930Ot 00
05J000E 00 070200E 06
*57000E 00 *71200E 00
*58OOQE 00 071500E 00
*Q030DE oQ *7190QE 00
*62000E 00 *724O0E 00
964000E 00 .72800E 00
465000E oio 973000E 00
96600QE, 00 973300E 00
*6700DE no *t7'I00E 00

*60t)10o' .072990E 00
06900oz -0 0718Q0E 00
'695ooE 00 *70400E 00
.#6980QE io .70E0
,:699ooE 00 #62400E 00
*70400E 00 *39400E r,00

* FUNCTION P18:' V, T ft(0

* VT

'9oo00gE 00 010600E 01

*5300QE DQ0 *83500E 00
*57000C QO :89090E 00
eBSoo0E go .SISQ01 00
*600oQE go 089000E 00
:6P000E 0y) 9OCP200E 00
*64oooE no 09.2500E 00

o65OOQE 1.o 3?000E 00

o67000E 00 ,83200E 00

:60gEo 83000E 00
*69500E noo010E0
*6980QE 30 971600E 00
*69900E 00 .6B550E 00
9704OQE gQ *62000E. 00
97200QE no #40000E 00
*740coE n0 j123o0E 00
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Table A-3. Engine Component Characteristics (Continued)

C4 1P4P"

•OO0UQE io '.88000E 00
#53000E 60 .84200E 00
• 55000E ýo 084100E 00
*57000E 30 ,83600E 00'
.580o0E O0 ,.83000E 00
.@0000E QO 081900E 00
*61000E 00 ,81300E 00
v6PO00E 00 .80700E 00
•6300QE go *79900E 00
*6400Q9.-0 *79200E 00
•65000E Oo .,78300E 00
*657QOE 00 .77700E A0
@660014E 0 .77300 O0C
"9663ooE oo #76600E 00
"*66900E nO 075200E 00

967500E Do *73800C 00
*72500E 00 .OOCOOE 00
•77500E oo *-.73800E bo

FUNCTION Fl10: T.:f04 .__043

ST4

•oeoOOE 00 .146o0E 01
,53000E o00 98500E 00
•55000E 00 .9630rE 00
o57000E no *94S8jCJ 00
•580OE O0 !93200,E 00

66QOOQE 30 *92300E 00
,61000E 00 .91QCE 06
*62000E O0 490'OOE 00
•63000E 00 .89300E 00
96400E 00 *88400E GO
•65000E o0 .87700E 00
965700E 00 *87500E 00
*66009E O0 ,87500E 00
•*66300E O0 .87500E 00
"66900E O0 ,88000Eý 0
,679OE O0 $88500E 00

*68500E 00 .86200E 00
,-70000E O0 062000E 00
*72500E O0 913000E 00
o77500E'00 =*,700pE 00

j 90



Table E n. -ngine Component Characteristics (Continued)

FUNCTION Fill: SP f
" !

.'0)Q 0.700QoE 00
S5•OQ0E o0 ,70000E 00

S.4000E oO .69700E 00
S568OQE o0 *69100E 00

957000E 00 *68500E 00
•58000E O0 96700E 00
,5 9 00QE 00 967200C 00
•9500E 00 ,66700C 00
•6nOOoE 00 .66300E 00
*6I000E o0 ,64800E 00

S6i5oQE o0 o63600E 00
,62000E 00 :61700E 00
*62500E 00 ,57900E 00

*4 CC OL. 30 '37200E 00
*66250E o0 .OOOO0E 00
osa500E o0 -,372OOE 00

TTFUNCTION F112:-T=f [5]

*OCOOQE n0 *3.80oE 01

042750EQE 0000E0*4750oE 00 O91200E 00
*520D0E O0 '85300E 00
*54000E 00 ,$2600E 00
•5580QE oQ r80500E 00
05700QE 00 *78700E 00
-58000E 00 ' 77500E 00
,59000E o0 o76600E 00
*59500E O0 *76000E 00
96o0ooE no ,74500E 00
,61000E 00 .73000E 00
@61509E 00 :71500E 00
.6200gE 00 ,70000E o0
*62500E 00 ,67500E 00
96400QE 0o :510QOE 00
,66E25E g0 ,79000E-01
,68500E o0 -040)OO2E00
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'Table A-3. Engine Component Characteristics (Continued)

FUNCTION F113: *p ' f [, 61
66 .C"61

'6 , H

.00000E 60 .61600E 00
*50000E O0 .*2600E 00

S•200VE no .61200E 00
--53500E QQ *60500E 00
e5SO00E 00 -58500E O0
*5700GE QO 955000E 00
•5000E 10 *52500E 00
*6i30QE O0 .47800E 00
S610o0E O0 .45000E 00
*6e5o0E oo .40000E 00
,67500E go .-o0o00 00
,725ooE O0 *.OOOOE 00
977500E no0 .*20000E 00

FUNCTION F114: Tf t$

P T
"* 6 -6

#30006QE 66 9 82000E 00
*50000E Oo .7n500E 00
•5200QE gO ,69500E 00
.53500E 00 ,68300E 00
• 5•00E O0 *66600E 00
o57O0gE 00 ,6200E 00
,5800QE gO ,61200E 00
•60000E 0O 956200E 00
#6100QE DQ .53000E 00
*625CoE Do ,iS200E 00
,67500E o0 -29700E 00
•72500E O0 "Z500E0Ol
*775o00 00 -,1470.0E 00
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Table A-3. Engine Component Characteristics (Continued)

' @7P

FUNCTION F115: f f97)

977*
900006E v10 *8600E 00

..*7500E Qo @48600E 00

@485ooE no .*48600E 00
,50000E •0 .48o00f O0
•51500E o0 948000E 00
,5z500E 30 ,46500E.00
.55000E o0 *41500E 00'
*56500E o0 937500E 00
*57500E 0o " .34500E 00
"5900QE oo 0?9500E 00
*59500E 00 . ,?7500E 00
*60000E o0 .25500E 00
.625o00E o0 .15500 00
166000E ýO .QOQOOE 00
*69500E no *.1.5500E 00

FUNC'lON F116: O7p= f [0 7)7 7.

•: 07 7T
________,

SOOOOOE6 ., ,S taoOE 00
S.•O00E o0 *56000E O00
- .55500E cO0 *55200E O00

-- *5?500E aO *53700E 00
055000E Q0 *48700E 00

-- m 56500E •0 .4•300E O00,5750QE no ,412QOE 00
519000E 00 *.36200E 00
*.525o0E O0 .37200E 00
*60000E )0 .32300E 00
562500QE O0 .3200CE 00

*66000E no .OO00OE 00

"69500E o0 ",25200E 00
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Table A-3. Engine Component Characteristics (Continued)

FUNCTION F 117 0, -f Its

0__ 8__PIS__

*,500o 0 .oO00o0E o0
946000E no i8g400E 00
946500E 10 .482D00 00
*4750QE 0 .-4/600E 00
e49000E o0 946000E 00
*50000E o0 ,43500E 00
o51000E no #39400C 00
'52500E 00 *33000E 00.
*54000E o0 ,26500E 00
"5500QE no 992500E 00
O56500Eo *,6300E 00
•5750oE o0 .1200E 00
•60000E 00" *,5000Ew01
•60550E 70 ,00000E 00
_66100E no 0.22500E 00

FUNCTION F118k *8T f :[081

08 T

*OOOOOE go .56000E 00@4500QE o0 ,56000E 00
,46000E 00 .56000E 00
•46600E oo ,56000E 00
•47500E O0 .56000E 00
*'s900oE o0 953500E 00
'5000QE o0 ,50700E 00
i51000E 00 .*6500E 00

952500E o0 ,4O000L 00
"954000E O *32000E O0
"9!50C0F 00 s27000E 00
*5650QE O0 .o0500E 00
•57500E 00 ,16000E 00:60000E go .45000E01
*60550E O0 0"0000E 00
• 66100E O0 ,415200E 00
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Table A-3. Engine Component Characteristics (Continued)

FUNCTIOM F1.1L9 f. PB'(TB-TCDfl I

PB(TB-TCD)
0oOOE QO 79450C 00

02000oE o4 .88060E 00I
150oOQE ot :93100E 00
*1325QE 05 .95500E 00

:?400QE o5 *971oOE 00
*3000QE Q5 *98100E 00I
*3650QE o5 9987ooE 00
*J.7500E 05 .9,90o0E 00
955000E g5 999000E 00
072500E oS #.*9862fE 00
*150QQE ni5 s9832CE 00
N-12500E Q6  098100E 00
014ioooE 06 s96OSOE 00
*16000E 0)6 .9980oE 00

FUNCTION F120:- KWt= ;f tINfNMAX

*066oooE-,,o *72600E"03
o7oo0gE no .70ooE-03
*9OOOOE ý0 *69go0E-03
.85000E 30 969000E3~3
090000E 00 .696ooEsG3
*27000E 00 .969600E-03
*IOOOOE 01. *73go0E'03
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5t. . 0 0 0 0 0 a a 0 cp 0 C

0 0 0 0 o 0 a 0 0 0

0~~ al 0 0 000a 0 0
ft~~~~ 0 4Nf t0 0 0 0 0*~~~~ a4. f t-C 0 0 0 0

. t- a0 0 0 0 0 0 a 0 0 0 0
00 0 0 0 0 a 0 0 C0 0 n a 0

0 ~~ ~ wI w wd wd I i h d wa w wd I w
ft00 0 0 0 0 0 0 0 0 0 0 0
ft 0 0 0l 4 at ft 0 t a00 0 0

.4 0 0 ft ft ft t ag 0 0 a 0 0
I .4 4 0 .0 0t 0 ft f 0 00a 0 0

'o~ -0 ft.44 0 0 0 0 0 0 0 0 0 0

Cd 1~00.0 '0 0 00 0 0 0 .0 a00.0 0

.00'0 0 '0 0 0 0 C0 0 0 0 0
140 0 aI 0 E' 0 0 0 0 0 0 0 0

ft C 0.0 ft 0 a' 0 .0 0 n' a' a 0 001- ~ I - 90 aC In i4 mt M I- .0 0
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Component Characteristics (Continued)
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5READ: N, A8 , IGV, BLD,

o of T o, o8, SPLC

"GUESS: FAB. TS, WO

INITIALIZE LOOP COUNTERS

ITEMI = 0
ITER2= 0
ITER3 = 0
111 =0

ITERI = ITER1+1

"INLET GUIDE VANE FLOWM

PRIGV PRIGV CNI
PIGV = Po.PRIGV - 0.005 PR
T -IGV= ToWICv - wo

FIRST COMPPEsSOR STAGE:

WC 1 = V'WIGV
Vz ,. rWC TIGV, PiGVI

-- K' 01 K¢ V23]
P Co IN

T

PC= p 11 + k , N2 /TPC1 PGV " IGV;

STC 1 TIGv+ KYN2oI Tl

Figure A-i. Trim Routine Flow Chkrt (Steady-State Trim)
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SECOND COMPRESSOR STAGE:

WC2 w YI
_ Z2 0 Vz2 CWC2, TC1 , PC1

02 -IXqv 2 /P

P2 P .W>P [021

T T

j PC2 PC'(1 +4 2 PI0 2,K 2N 2/TC2 V/1

TC2 TC1 K• k0Nt' 2 T

"THIRD COMPRESSOR STAGE:
WC3 = WC2

V73 = V W 3, TC2 , PC 2J
0i 3 = K *€3.V /N

03Z
:i' •~~43 E 0=V•31P['

S T 6pT ["3
PC= PC 2 .'a + *,P.Kp3.N 2 /TC,)v/v'ý

TC3 TC2 * Kk N2 .*3 T

WBL3 = KRLDr aLD-PC3/ g?ýc3

FOURTH COMPRESSOR STAGE:

WC4 = WC3 - WBL 3

FIFTH4 - EIGHTH COMPRESSOR STAGES:

. i 0

Figure A-lb. Trim Routine Flow Chart (Steady-State Trim)
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"OUTLET GUIDE VANES.
PROGV =PROGVN1
POGV PC8 " PROGV

TOGV - TC 8
WOGV WC8

COMPRESSOR DISCHARGE:
WCD- WOGV
WTC = 0.033.Wo

WBLD = WBL 3 +WBL 4 -"WBL 5• ~~PCD ="PG
POGV

TCD= TOGV
HCD = HCD [TCD]
A (WH)cD=WCD.HCD + c .*WBL 3 ,TC 3 +WBL 4 TC4

""WBI.f-TC 5 ) - Cp W0 -To + SPLC

BURNER AIRFLOW:
W8 = WCD - WTC

NO:! PT =0.35 •PCD

ITER2 = ITER2 + 1

E TURBINE AIRFLOW:
WTOLD = WB (I +FAB)

Figure A-ic. Trim Routine Flow Chart (Steady-State Trim)
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3

ITER3 -ITER3 I

BURNER CONDITIONS:

W2
APB= XI-(0.771 TCD - 0.085 TB)
PB- PCD - APB
PBDTB - PB (TB - TCD)

rjB [PBDTBj

TURBINE ENTHALPY DROP:

AHT AHT rPT N 1
HT-- HT N' N' "-

Y4

BURNER ENTHALPY:
GB = HB [FAB, TBI

COMPUTE TURBINE AIRFLOW FROM HEAT FQN:

4BURNER w WI')BURNER ' 0

WB (hFUEL* 11B - HCD)
(hFUEL"' 

B " HB)

TURBINE AIRFLOW ERROR:
WTERROR= IWT1 - WTOLD ]

Figure A-Id. Trim Routine Flow Chart (Steady-State Trim)
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ADJUST FUEL FLOW:';
YES, WT.,-- 0W,. -,)"]WF = WToL -we

FUEL FLOW:
WF W WT1 - WB

FAB = WF/WB

I NOZZLE AIRFLOW: J
WN =; WTI + WTC

TURBINE ENTHALPY:
T I wT1 (HB - A HT) + WTC - HCD

WN !

COMPUTE BURNER ENTHALPY FROM TORQUE EQN.: Lj
I , TORQUE = 0

HB (WH1CD +WN • HT -WTC • HCD

BURNER ENTHALPY ERROR:
TBERROR =HBR - HB

~YES INCREASE TB i

NO YES AT 0
II

TBB =T

Figure A-le. Trim Routine Flow Chart (Steady-State Trim)
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S' TBE YES DECREASE TB

005?

10 YES TOKE FwO
NOZZLE PRESSURE-- ATIO: L C T NO

PRN P8/PT

TB TB ATB

REVERSED FLOW YS R<1

:NOZZLE COEFFICIENT:

KNOZ PT0N

COMPUTE TURBINE AIRFLOW FROM

STE~ADY-STATE MAP DATA:

WT.TB WT.TB rPT, N
N .PB N .PB PB,

•:W T 2 I WT .'IB * N .P B

S! N .PB TS

• TURBINE AIRFLOW ERROR:
PTERROR WT2 - WT.

j Figure A-If. Trim Routine Flow Chart (Steady-State Trim)
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.........

AT YENS PTRA8 PT

WERROR RWINx -

11=? YES r, ,
STOP I
NOIMLCOM PLET ED

Figure A-lg. Trim Routine Fiow Chart (Steady-State Trim)I

1 0 8A

DECREAE YE P

ERROR



W•ERROR '• YES INCUoFASE W.

Figure A- lh. Trim Routine Flow Cbar• (Steady-State Trim)

I
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INITIAL CONIDIT)o;,To P0 T P

NTMWFA 8 'IV'VLD

INLET AND STAGE ONE:
PRIGV = PRIGV .N]

PIGV P0 PR1~tf- 0.005 P0

11 
W

vz1= Vz1 ECITR =OP

01 ~ IER = Ko1*Vj /N

* N

PI = 0 P IGV]

; PIGV = TPo, "PIGV]"005P

PCl =P!G% (1+V; K W/

TCzz=T'4i,%oN2 . TPT

Figure A-2. Subroutine Dynamic Flow Chart
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I

STAGE TWO:
WC2 = WC1

-- i] " V2 = w V2W2TCPC1]

v22  22 121
=K v /N i

02 Z2 ''

VjP = 2[ ]

4, •2"T = *2T[ 02]

-- !1~FI P = PC1 (#P. •2"2/'rcl)-Y/Y'-I

TC2 = TC1 + K4 2 'N2 . T

STAGE THREE:
WC3 = WC2

Vz= V Wz TC 2 PC 2]
63 = K3 1 1z

s3 K = v-P /N

S 3T= 3 T [¢03]3
• . N2/TC) .y/P1-* p~T... T

3 3 [03]

PC3=PC2 .(l+ 3 P.K*3 N2.'TC)

TC3 = TC 2 +KI3 NL23T

WBLI3 = KBLD3 BLD. PC3/ vrw p
STAGE FOUR:

WC4 = wc 3 -WBL 3

STAGES FIVE - EIGHT:
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S_ • ---- - _ . .... ... ......... ... .....

OUTLET GUIDE VANES:
PROGV= PROGV [NI
POGV = PC8 PROGV
TOGV TC8

WOGV =WC8

COMPRESSOR DISCHARGE:
L ~WCD = WOGV

WTC = 0.033 • WO
PCD= POGV
TCD = TOGV

HCD = HCD [TCD]

S[ BURNER AIRFLOW:

WS = WCD - WTC
FAB =WF/WB

BURNER ENTHALPY:

HB= HCD +hFUEL 'nB,, FAB

THERMAL CAPACITANCE:
TEB = TEB IFAB, HB]
TM = KTM ' (TEB - TM)

TB = TEB - KTB 'Ti

Figure A-2. Subroutine Dynamic Flow Chart (Continued)
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BURNER PRESSURE:

APB - KB. WB (0.771 TCD - 0.085 TB)l
PCD

PB = PCD - APB

UPDAT. BURNER EFFICIENCY:
PBDTB = PB (TB - TCD)
.B 1B [PBDTB]

TURBINE AIRFLOW:
WT = WB + WF
FAT = WF / MT +WTC) L

COMPUTE TURBINE AIRFLOW FROM
STEADY-STATE MAP DATA:

WT . TB-.TBTN.TB
WCAL _9 •r Tf

TURBINE AIRFLOW ERROR:
PTERROR = WTCAL - WT
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NOZZLE AIRFLOW:
WN = WT +WTC

TURBINE ENTIIHALPY:

AHT 1 A4TL N - VTB
:S- HT =WT GIB - a H1) +W'TC - HCD

• ' WN

STURBINE TEMPERATURE
SI TT =- TT [ FAT, HT I

NOZZLE PRESSURE RATIO:
PRN =P8/PT

SPRN< 0528YES CHOKED FLOW

LNOZZLE COEFFICIENT:
noKNO 0.2588

REVERSED FLO Y E S P• >1

NOZECOEFFICIENT: N

KNOZ = 0 1T V1

i t
Figure A-2. Subroutine Dyna.mic Flow Chart (Continued)
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iCOMPUTE Noz7LE AIIFLOW FROM
/I•ISENTRO% IC RELATIGN:

I" (NA8 KNOzA

-___--____ ____"__ ___ __ __,__ __

_ NOZZLE AIRFLOW ERROR:

AfERROR = WNCAL -

RqTOR rYWAMICS:

I;W"D HCD W0D-c .T 0 W4

t.cp WBL 3 ' TC3 +WRL 4 TC4 +Wi3LF • TCs)

a WH)T =WT ,HT
KN' (aWT -h ,HcD1

*! N

iTER1= ITER1 + 1

Figvi'.Le A-2. Subroutine Dynamic Flow Chart (Continueap
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SYES FX+PTERO
ITER IX~ ?WERROR

F PTERROR

G t = W ERROR 1

E VCRLAT 
S E P T :

FX = ( PT + APT

•'•,iITER1 2 ? X+=PERROR

GX (XG. .)2

Fiue-2 urui DECREASE PT:
• i~i. PT-=PT - 2 APT

SIERI 3 7 GX =W TERROR

iPT aW
• i•EVALUATE 

ER.R.. , ERRO

Swi:FX= (FX+-FXI/ 2 APT

S~GX = ( GX+- GX. /2 APT

Figure A-2. Subroutine Dynamic Flow Chart (C nt1nued)
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PT P aP: :

INCREASE W :

PY = PTERROR-

DETERROR

EVALUATE a - AGW1b)Wo a w Jlo

FY,-- 1Y+ -F,,,)/2 AWo

Io wowWo + 1
-CALCULATE DETERMINANT:I

D =FX • GY - GX - F'Y

CALCULATE GRADIENT STEPS:
APTs = (-F.GY + G-FY) / D

AW =(-G-FX+F.GX)/D

Figure A-2. Subroutine Dynamic Flow Chart (Continued)
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< 1aP TAp YES

TUYNOF'

REDUCE MAGNITUDE OF
GRADIENT STEP:

FACTOR =2 APT / I aPTS

APT5 = APT5 FACTOR

AW = aw FACTOR

,aw 2I A% 2W ? YES

N OE

. REDUCE MAGNITUDE OF GRADIENT
STEP:

FACTOR =2 W2 /! AWos0

AWos = AWos FACTOR

APTs =APTsFACTOR

UPDATE PT AND W.:

PT = PT + APTs

+ A w

S~~Wo = Wo 0 W~i..

ITER1 0

Figure A-2. Subroutine Dynamic Flow Chart (Concluded)
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-• ......... ..... . ........ ................... .. .... ... . . . . . .. ... .. .... .......... ... .

( OPERATING POINT:

N t,TMI,WF,IGV,A8,BLD,PoToP
8

IPERTURBATION STEP SIZE:

I DPERT

INITIALIZE
J=O

COMPUTE NOMINAL VALUES
CALL DYNAMIC

DXNI=DXi 1=1, 2, ... NxR

x RESTER
Xj = Xj- PERT Xj = Xj + PERT

CALL DYNAMIC
CALL DYNAMIC DX2i DXI

II

DXI-= DXi DX= DXNI I =11, 2, ... N1RDXI= DXNI 1=1, 2, ... NxR

ES1'E RESTORE X.
RETR E X j 1XI -X PERýj

X j =IX + PERT X

Figure A-3. Lineariz-ation Flow Chart
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• __ • ..... • __ •....... • .... ...... ........ •r • . ... ...... ..... . ....... • L L•

!I-

EVALUATE DERIVATIVE

ax, PiR 1=, 1, .... R

NO

POSITIVE PERTURBATION EVALUATE DERIVATIVE
X X+ PERT 8DXI _ DXN1 - DX1ij [ IX I - x i 1 1 , 2 ,. . X x R

1Aj PERT -2*.X

CALL DYNAMIC 2
DX21 =DXI

DXI=DXNI I=1, 2, ... NxR

IRESTORE X A
Xl X• PER

Figure A-S. Linea~rization Flow Chart (Concluded)
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'/NNOMINAL CONDITIONS:

N'A 8'IGV' LBDP P°T° PS'SPLC j

A r CALCULATE TRIM POINT 1
WF, xta), t(o)

TRANSIENT COMMAND:

ujT)

INERATION PARAMETERS:
ST, FINTIME ]

INITIALIZE TIME

T=0

UPDATE TIME

T T= T + sT

CALCULATE DERIVATIVES

i(T) f [x(T), r(T), u(T) I

zTz....
UPDATE RESPONSES

r(T+AT) = h x(T), r(T), u(WT I

INTEGRATE
T+4Tx(T +AT) = Y,(T) + T)

•01

Figure A-4. Nonlinear Engir.e Simulation
Flow. Chart
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APPENDIX B

CONTROLLER SOFTWARE FOR THE
APL WIND TUNNEL TEST FACILITY

Software for the optimal command controller synthesized in Section IV

(Volume I) is presented. The software is for the IBM 1800 computer at APL.

This software inserts the Honeywell optimal oontroller within the Bendix

Bounds program (Reference B-1). The reade, is assumed to be familiar with

the IBM 1800 (Reference B-2) and with the Bendix Bounds program.

This appendix is divided into three major parts:

* Contr-oller data

* Equilibrium-pressure software

* Equilibrium-temperature software

In the first part of this Appendix, controller data for deceleration-equilibrium-

pressure-temperature modes are combined. This system will provtde pre-

cise speed control and rapid spool speed responses without surge-stall,

excessive temperatures, or flameouts. This is close to a control system

that we recommend. The adjective close would be deleted by applying
standard correction procedures to permit operation at other than the sea

level standard design condition.

For expediency, in testing in the APL wind tunnel, the system was divided
into two parts:

* Deceleration- equilibrium- pressure

* Deceleration-equilibrium-temperature
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The first part does not explicitly provide over-temperature protection while

the second does not explicitly provide surge-stall protection. Protection is

obtained, however, by setting the pressure limit Low enough to prevent over-

temperature and the temperature limit low enough to prevent surge- stall.

CONTROLLER DATA

The inlet guide vanes (IGV), bleed (BLD), and exhaust actuator (A8) are

operated on open-loop schedules (for reasons discussed in Section IV).

Closed-loop control is used on the fuel valve.

For control synthesis the IGV and BLD were srt on the G. E. schedule. As
Bendix employs the same schedule in the Bounds program, the Bounds schedule

for IGV and BLD are used with the Honeywell controllers.

The A8 schedule is the same as that used on a previous Honeywell contract

to APL; it is not the bill of materials schedule.

Table B3-1 summarizes the open-loop schedules for IGV, BLD, and AM.

Fuel valve command data are presented in Tables B-2 through B-5. Table B-2

presents the generic form for the complete control law.

For deceleration-equilibrium-pres nare control ut is deleted from u2 in
Equation (3) of Table B-2. For decelrratie-n.equilibrium-terperature con-

trol, up is deleted from u2., Feedbp..k gains, open-loop fuel flows, and
"equilibrium" data are present,- in Tables B-3, B-4, and B-5, respectively.

The equations and data of Tables B-2 through B-5 could have been pro-.

grammed; a _z"AiV•dica•d•o is made before programming. The simplification

permits either variable limits (ENL, EPL, or ETL) to be achieved by

constants or variable integration parameters to be made constant. For
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example, in the EP equation (Table B-2) the parameter PC is variable. It
can be made constant without changing the resulting control. This is demon-

strated by Table B-6. The generic form of the modified state equations and

controllers is presented above the dashed line. The integration parameter

(d) can be made to take an arbitrary non-zero value by dividing d ly •I and by

multiplying the integral gain k by R; this is shown by the equations below the

dashed line.

EQUILIBRIUM- PRESSURE SOFTWARE

Flow charts are presented in Figures B-1 through B-11. Table B-7 contains

a glossary of terms. The program is presented in Table B-8.

The main computational blocks of the speed and pressia e control program

are shown in Figure B- 1. A detailed flow chart for each block is subse-

quently presented.

Initialisation

In this section of the program (Figure B-2), all of the gains and open-loop

information (i. e. , fuels and pressures as a function of speed) are trans-

ferred from variable-trim locations. (The variable-trim locations are the

sole means of communication between the Hone••well control program and the

Bendix Bounds program to the proper locations in the control program.) The

labels associated with the variable-trim locations have the prefix VT followed

by three digits. There are 254 VT locations. The contents of the first 73

variable-trim locations VT00 - VT070 can be monitored and manually

changed from the Bendix interface console. Nominal values of these vari-

ables are stored in the Bendix Bounds program in the standard trim locations

ST001 - ST070. The section of the Bounds program in which ST001- STO7O

are defined is presented in Table B-0. The contents of locations VT071- VT'954
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can only be monitored. from console. VT039 acts as a logical switch for the

initialization section of the program. If VT039 = 16 this portion of the pro-

gram will be executed and VT039 will be set to zero. If VT039 / 16 the
initialization section will be bypassed. Since all the VT numbers encountered

in this portion of the program are in the range VTO01 - VT070, they can all be

manually changed from Bendix interface console.

Interpolation Interval Determination

The gains (associated with the feedback quantities) and the open-loop informa-

tion (fuel and pressure values) for both the speed controller and the pressure

controller are given at four values of speed. To obtain values for the gains
and open-loop information over the whole speed regime linear interpolation

is used (Figure B-3). Since the quantities to be interpolated are given at four
values of speed N, there are three possible intervals tal interpolation. The

four values of speed are N1 = 8250 rpm, N2 = 11,550 rpm, N3 = 14, 025 rpm,

and Nn 4 = 16,500 rpm. Thus, the three intervals are [N 1 , N2 ], [N 2, N3 ],
[N3 , N4 ]. The sensed speed N (in the program sensed speed is VT157) is
tested to determine into which interval it falls. Then any quantity, call it f,

given at the four values of N can be written as a linear function of N ae folows:

t f(N) = f(Ni) C1 + f(Ni+I) C2  (B- i)

where

•i CI (N~~i+l(N+ - NiI) (N- i

1i= -. ) and C2 = for i =1, 2, 3.

The interval and the quantities C1 and C2 are calculated in this portion of

the program.

126



•[I

. . .. .

Exits from this section of the program are given the labels INiF, IN2F or

IN3F, depending on whether the sensed speed N satisfies N1 r N ' N2 ,

N2 A N -N 3 , or N3 !N' N4.

Interpolation Logic

The three sections in this portion of the program (Figure B-4) all evaluate

an equation like Equation (B-1). Therefore, the logic in each section is the

same. The difference is in the label used for f(Ni) and f(Nj 1 ). The different

labels represent the initial address in a sequence of addresses of quantities

associated with the same speed. In each case the label is influenced by index

register one (XR1). Initially (XR1) is set to zero and an equation similar to

(B- 1) is evaluated in double precision. XR1 is then incremented by one and

tested against label NGFT (NOFT = 18), If XR1 < NGFT the interpolation

continues, if XR1 z NGFT, the interpolation is done and we are tranm 'erred

to label FUELM.

Interpolation Scaling

BothClandC 2 arenumbers such that 0OC1 PC 2  andC 1+C 2 1. In

the IBM 1800, fractional numbers cannot be represented except as tho ratio

of two integer numbers. Therefore, the computation of C and C 2 has to be

'77
scaled. The scale factor used in the program is 27 128. The scale factor

of 27 is removed after the interpolation by a shift right seven.

Integral Speed and Integral Pressure

The integral speed and integral pressure portion of the program (Figure B-5)

consists of logic to initialize, integrate, s ad limit two simple differential

equations in time. The integral speed differential equation is
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EN = -5. 3333 (N - NpLA) (B-2)

where EN is the integral of the error between sensed speed N(VT157) and

requested speed NpLA (VT128).

The integral pressure differetial equation is

EP -5. 3333 (PT3 - PT33) F(N) (B- 3)

where EP Ls the integral of the error between sensed PT3 (VT102) and a

boundary value PT3B (PT3NB) and F(N) is a function of sensed speed (i. e.

the coefficient in the differential equation is not constant; c. f. Table B-6 and

the related discussion).

Anitialization of the DifferentfalEILations

The initial values of EN and EP are L VT-36 and VT037, respectively. The

limiting values of EN and EP are taken to be the absolute values of VT036 and

VTO37, respectively. The initial value and the limiting value are changed

whenever VT039 contains a sixty-four (64) or a sixteen (16).

Integration of the Differential Equations

The differential equations are integrated numerically using the trapezoidal

rule

- Xn + at (- + Xn (B-4)

where At is 0. 015 second, Xn is the current value of thu integral, 2% is the

current value of the derivative, and n- 1 i6 the previous value of the deriva-

tive.

128



Interpolation as a Function of Power Lever

Early controllers (not documented) used PT5 and PT3 as we.(l as an open-loop

fuel as a function of the power lever (Figure B-7). The speed controllers

used in engine tests require only open- loop fuel as a function of power lever.
The power lever position is given in terms of a speed request in rpms in

VT128. The method of interpolation is the same es it was for sensed speed.

However, since only three quantities are being interpolated, no index registers

are used.

Fuel Request Calculation

Three fuel requvsts are cwalulated: a speed fuel request, a pressure fuel
request and a minimum fuel r'equest (Figure B-8). The minimum fuel request

is calculated in the nterpllation logic as a function of sensed speed and is
stored In WFMNN. The speed control fuel request is calculated as the sum of

4 an open-I.oop fuel scheduled as a linear function of power lever and the fol-

lowing feedback quantitics:

* The error between sensed and requested speed

a An integral of the error between sensed and requested speed

The pressurc contrcl fuel request is calculated as tha sum of an open-loop

hfel scheduled as a linear function oi sensed speed and the following feedback
quantities:

S. The error betwevz: ..,T5 sensed and a given PT5 scheduled as a

linear function of speed

* The error between P3 sensed and a given P2 scheduled as a

linear function of speed

. The integral of the error between P3 sensed and a given P3 as

a linear function ')f speed.

129



Starting at label MDW6, all of the ingredients used in calculating the fuel
request for the speed and pressure controllers are stored in VT162 - VT176
for checking purposes. Beginning at label MEPT, the five feedback quanti-

ties mentioned previously are calculated and stored in VT196 - VT200. The

speed control fuel request starts at label FREQE and each of the products

involved in the sum is stored in VT201 - VT204. Finally, the fuel request

for the speed controller is stored in SUMEF and VTO71. The pressure fuel

request calculation starts at label FREQP and each of the products involved
in the sum is stored in VT205 - VT207. The fuel request for the pressure

controller is stored in SUMPF and V"ui 2.

Mode Select Logic

In Figure B-9 the mod"' select logic vtarts at level MDSWT. The minimum
between the speed fuel request VT071 and the pressure fuel request VT072 is

stored in VT180. The rnui-imum between VT180 and WFMNN (minimum fuel)
is stored in VT180. !t this point a mode number is stored in VT074, depend-

ing on which controller is used. The mode numbers are: 3276 for the speed
controller, 6552 for the pressure controller, and 9828 for the minimum fuel

requ•est.

Fuel rtequest Filter Logic

The fuel request in VT180 is put through a first-order lag C 30/(S+30)]. The
lag is digitized using Tustin's method wirth the resulting difference equation

where Yn is the current output (i. e., filtered fuel request), yn-1 is the

previous output, Un is the current inpuL (unfiltered fuel request) and Un- 1 is
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the previous input. The coefficients in the difference equation are a function

of the sample time At which is taken to be 0. 015 second.

Exhaust Nozzle 1-quest Calculation

Figure B-11 presents the flow chart.

The nozzle is open for speeds less than or equal to 14, 025 rpm. The nozzle

request representing "open" is stored in VTO34. The nozzle is closed for

spueds greater than or equal to 16, 500 rpm. The nozzle request representing
"closed" is stored in VTO35. For speeds between 14, 025 rpm and 16, 500

rpm the nozzle request decreases linearly from "open" to "closed. " The

"Fpeed" used in the nozzle request calculation is sensed speed (VT157) if the

control mode is not speed control. If the control mode is speed control the

speed used is that requested by the power lever (VT128). The nozzle request

is stored in VT081. After this calculation has been completed and index

register one has been restored, one control cycle update has been completed

and control is passed to the Bendix program.

EQUILIBRIUM- TEMPERATURE SOFTWARE

Flow charts for the main computational blocks and for each block are pre-

sented in Figures B-12 through B-23. Table B-I0 is a glossary of terms.

The program is presented in Tables B-11 through B-14. A listing of the

Bendix Bounds program corresponding to the Equilibrium-Temperature

Program is presented in Table B-13.

The main computational blocks for the speed temperature control program

are shown in Figure B- 12. The major differences between this program and

the speed pressure control program are the filtering logic for T4 whistle,
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the number of feedbacks, and the names given to the gains and open- loop

information. Consequently, a description of each of the blocks in Figure B-12

will be given in comparative terms of the description given for the speed and

pressure controller.

Initialization

It is clear from looking at the detached flow chart (Figure B- 13) that more

items are transferred from variable trim locations to locations in the control

program. This is true, because the temperature controller has more feed-

backs than the pressure controller. Consequently, the VT numbers encoun-

tered in this section of the program are in the range VTOO1 - VTO90 (rather

than the previous VTOO1 - VT070). The Bendix Bounds provram has been

modified to allow the first 90 VT numbers to be changed at the interface

console. Nominal values of these VT variables are stored in the standard

trim locations STOOl - STO9O in the beginning of the Bounds program

(Table B-13).' The logic to get into this section of the program is the same

as previously described. In addition to the increased number gains and open-

loop information to be transferred, an added logic switch, ISW, is Initialized.

This switch is used to initialize the filtering logic for T4 whistle.

Interpolation Interval Determination

This section of the program (Figure B- 14) is exactly the same as for the

speed and pressure control program.
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Interpolation Logic

The only differences in this section of the program are •he labels (names)

given to the gains and open-loop information (fuel, pressures, and tempera-

ture) associated with temperature controller as opposed to the pre'sure

controller; cf Figure B-15.

Filtering Logic for T4 Whistle

The temperature senset! by die whistle (VT097) goes through a lead-lag filter

Pund the output if the filter is stored in T4WF, Figure B-16. The transfer

function for the filter with VT097 as input and T4WF as output is

W) T 2 S + i1 (13-6)

where T2 and K1 are piecewise linear functions of PT3.

The table below gives T2 and K1 versus PT3.

PT3 (psi) K1

24.5 0.50 30.0

39.0 0.53 17.0

58.5 0.56 10.0

102.0 0.60 8.0

The filter is implemented digitally by the following two equations.

XT4 (VT097 - XT4)
1 2  V(B-7)

T4WF= Tr2 XT4 + XT4
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In the program, K1 is scaled up by 100 and r2 is scaled up by 10. The label

for KI 100 is K1THD and the label for 12 " 10 is TAU2T. The coding starts

at label FUELM with the calculation of K1TH-D and TAU2T as a function of

PG3. At label STP1 the logical switch ISW is tested. If ISW is unequal to

1234, initialization of the filter equations takes place. Otherwise branch to

STP2. In the initialization ,gic XT4 is set equal to VT097, XT4 is set equal

to zero and ISW is set equal to 1234 followed by a branch to STP3. Starting

at label STP2., the derivative r- 14 is calculated doubl' precision and stored in

XT4D. At label STP3 the differential equation is integrate, one step forward

in time using the trapezoidal rule (At taken to be 0. 015 second). The updated

"value of XT4 is stored in XT4 in double precision. At this point the filtered

T4 whistle is computed and stored in T4WF.

Integjral Speed and Integral Temperature

In this portion of the program (Figure B- 17) the integral pressure differential

equation has been replaced with an integral temperature differential equation

ET = -13.3333 (T4WF - T4B) (B-8)

where ET is the Integral of the error between sensed T4 whistle filtered and

a boundary value T4 as a function of sensed speed. The initial value of ET is
stored in VT038 and the limiting value of ET is taken to be the absolute value

of VTO39.

Additional logic was added to the integration routine In this section to reset

the values of EN and ET to zero under the following conditions:

EN = 0 if VT074 (mode switch) / 3276

ET = 0 ifVT074 6552
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This logic is inserted in the program immediately after the integrals have

been updated (section of the program beginning with statement number

EIWSO3300). The ,*raneters EN and ET are updt.ted only it the program is

in the right mode,; EN ia updated if the speed control loop is regulating the

engine and ET . updated if the teniperature control loop is regulating the

engine.

The rest of this section of the program is the same as describerd previously. H
Interpolation as a Function of Power Lever

This portion of the program (Vig,rire B-19) is exact'tr the same as previously

described for the. pressure controller.]

Fuel Request Calculation

The pressure fuel request calculation is replaced with a temperature fuel

request (Figure B-20). The temperature fuel request is calculated as the

sum of an open-loop fuel scheduled as a linear function of sensed speed and

the following feedback quantities:

& The error between PT5 sensed and a given PT5 scheduled as

a linear function of speed

* The error between PT3 sensed and a given PT3 scheduled as

a linear function of speed

. The error between T4 whistle filtered and a T4 given scheduled

as a linear function of speed

* The integral of the error between PT3 sensed and a given PT3

scheduled as a linear function of speed.
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The temperature fuel request calculation starts at label FREQT and each of

the products Involved in the sum is stored in VT205 - VT20R. The fuel

request for the temperature controller is stored in SUMTF and VT07 3.

Mode Select Logic

The only difference in this section of the program is that the minimum

between the speed fuel re,,uest VT07 1 and the temperature fael request VT07 3

(rather than the pressure fuel request VT072) is stored in VT180; cf Figure

B-2 1.

Fuel Request Filter Logic

The same as previously described for pressure; Figure B-29.

Exhaust Nozzle Request Calculation

This is the same as previously described for pressure (Figure B-23).
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Table B- i. IGV. BLD, and A8 Schedules

IGV and BLD T: •2 Const.

*(1) Poo High T2cnt

Position

(0) PosLOW

(N - Nil
Position P Low + (POSHigh POSLow) x (N2 . N1X

where N is spool speed.

2100N 1 (rpm) = 11,800+(T 2 0R- 420OR) x
1100

N2 (rpm) - 14,900 + (T 2 aR - 428OR) x i1- if T2
0 F ' 25°F

20 25O 64 2 2F<7

= 16,00- (T 2 OR- 484OR) x 25F < <2EO FT 2 F1 0

= 15,800+(T 2 R - 5340R) x M- if T2 F'k75OF
2 3 2

on a normal day (T 2 = 70*F) the bchedules are:

+1.
N N1 = 13,244 rpm, 80. 3%

1 N2 = 15, 816 rpm, 95. 8%

IGV, BLD I

0 t 9
500 N N1  N2 100%

A8

162

AS
(sq. !n.)

88 N
N 85% 100%
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Table B-2. Genet-1. Fuel Control Law
S... 0o. 0 ul,

+30. u 2

ul Max u

)ue
u2 =Min up

ut

ud = ud IN]

ue = kN IN- No(pla)] +k NEN+kP 3 EP3P30 (pla))

+ kPT5 EPT5 - PT50 (pla)) + ueo (pla)

up = kEp + CPS - P3o (N)) + kpT5 EPT5 - PT5o(N)) + upo (N)

ut = kETET + krTT4 EPT5 - PT5 (N)) + ut (N)

(0 NfEN kENL& -5.3333 (N -N 0 )0

E9N=lO If EN ENL & -5.3333 (N - N) 0

.-5.3333 EN - No (pla)] otherwise

0 IfEPaEPL&-PC(P3-P3 )zO 0

EP= O IfEP':EPL &- PC (P3- P30 ) :o

PC(N) EP3- P3 (N)) otherwisei0
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Table B-2. Generic Fuel Control Law (Concluded)

: "where

PC 15. 333 If N < 14,025 rpm

P 13. 333 If N a 14, 025 rpm

0 If ET k ETL & -13.333 (T4WF - TT40) 0

ET = I0 fET'-ETL&-13.333(T4WF- TT4o)g0

|-13.333 ET4WF - TT4 (N)) otherwise

N (rpm), P3 (psi), and PT5 (psi) are taken to be the outputs of engine
sensors, pla is throttle in part of full; e. g. . 0.75 pla commands
75 percent rpm, T4W (OR) is the output of the Honeywell fluidic
(whistle) T4 sensor

•!T4WF = 1_ 11) 1 1

T[(KII 2 i- (P3 T4DDUM + j (P3) TT4W

r4D(n)(T2) (P3 T4DUM +TT4W

T4WF 50.0 TT45+50 4

ENL = 200.0

EPL = 1.0

ETL = 100.0
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Table B- 3. Perturbation Gains

%N N kP3 kT5 kTT4

(lb/sec)/rpm T (Ibisec)-.- I (lb/sec)/psi (lb/aec)/(deg F)

50s -0. 46718-3 +0. 58461-4

50P --- +0.45650-1 -0. 18636+0 +0.15861+0

50T --- +0. 11304-3 -0. 15966-2 +0. 12096-2 -0.22"z57-3

70E -0. 27'"36-3 +0.53844-4 ---....

70P --- +0. 20271-1 -0. 62334-1 -0.44936-1 ---

70T +0.14074-3 +0.53354-1 -0.20311-2 -0.28462-3

85E -0.26479-3 +0. 12239-3----

85P -- +0.15561-2 -0. 71783-1l +0.51485-1

85T --- +0. 16155-3 +0. 91896-2 -0. 74486-3 -0. 18812-3

100E -0. 53363-3 +0. 31975-3 ---

"loop --- +-0. 12779-1 -0.49166-1 +0.43431-1 ...

100T --- +0.23413-3 -0. 18094-1 +0. 13297-1 -0. 78669-5

Table B-4. Open-Loop Fuel Flows* (lb/hr)

[/% N ueo[pla) upo[N] utI[N] ud[N]

50.0 519.0 779.0 651.0 200.0

70.0 693.0 1740. 0 1000.0 350.0

85.0 934.0 2573. 0 2000.0 500.0

100.0 1648.0 3478.0 2400.0 1000.0

SThese are for the APL engine at 29. 55 inches
of Hg and 821F.
They should be corrected with ambient conditions.
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Table B-S. Equilibrium and Boundary Stttes"

%N 50 70 85 7 100

Equillizrium

No plaj rpm 8,250.0 11,550.0 14, 025.0 16,500.0

Pressure

P3 [Nipsi 22.0 35.5 55.0 80.0
0

PT5 oN]psi 14.8 16.4 20. 5 25.6

Temperature
TT4 [N]°F 1,020.0 900.0 1,050.0 1,160.0

0

P3[ NJ psi 23.5 35.5 55.0 80.0

PT5o[NJppi 14.8 16.4 20.5 26.5

*These are for the APL engine at 99,99 inches of Hg and 990F.
They should be corrected with ambient conditions.

Table B-6. An Integral Transformation

x = +Fx

E = -dx

f = +Fx -awf+gu

u = + kx

x = +Fx
Sd

I-i

Wf -a wf +gu
U g=

u + +kx + (X)-4
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•,: ITmble!B-'. Glossary for Equilibrium - Pressure Control

"VT Trnsferred To Standard Value
Number (Program Label) Deacription (Defined in theS-Bendix Program)

• '009 Logic switch: If VT009 > 123 the 01 Honeywell controller is in;

02rlotherwise not

S012 DEF11 Speed control gain associated (-215) x 16
with (N-Npla) at 8250 rpm

"013 WEF 1 Open-loop fuel-speed control 5i9 lb/hr
at 8250 rpm

014 P3PI Open-loop PT3-speed contzr I 2200 (psi x 100)
at 8250 rpm

015 KEF14 Speed control gain associated (27) x 16
with EN at d250 rpm

016 KEF21 Speed control gain associated (-126) x 16
with (N- Npla) at II, 550 rpm

017 WEF2 Open-loop fuel-speed control 693 lb/hr
at 11, 550 rpm

018 P3P2 Open-loop PT3 - speed control 3550 (psi x 100)
at 11, 550 rpm

019 KEF24 Speed control gain associated ( 5) x 16
with EN at 11,550 rpm

020 KEF31 Speed control gain associated (-122) x :6
with (N-Npla) at 14, 025 rpm

021 WEF3 Open-loop fuel-bpeed control 934 lb/hr
at 14,025 rpm

022 P3P3 Open-loop PT 3 - speed control 5500 (psi) x 100
at 14,025 rpm

023 KEF34 Speed control gain associated (56) x 16
with EN at 14,025 rpm

026 If this number is made large, 214
Bendix bound on fuel will not
"be in effectj-028 Logical switch: if VT028 = 64 0
Honeywell nozzle is used;
otherwise not
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Table B-7. Glossary for Equilibrium - Pressure Control (Continued)

VT Trasferred To I Standard Value
Numb er( ra elT Description (Defined in theNumber (ProgramLabej DeBendix Program)

034 --- !xhaust request open 9640

035 --- Exhaust request closed 2650

036 ENK, ENKL Initial value of integral speed 1600
limits value

037 EPI, EPKL lIitial value of integral pressure 1600
limits value

039 --- Logic switch: VT039 = 16 16
initializes everything. VT039=64
initializes EN, EP only

040 KEF41 Speed control gain assoclateC (-246) x 16
with (N-Npla) at 16, 500 rpm

041 WEF4 Open-loop fuel-speed control at 1648 lb/hr• • 16.500 rpm

042 P3P4 Open-loop PT3 - speed control at 0000 (psi x 100)
16, 500 rpm

043 KEF44 Speed control bain associated (147) x 16
with EN ac 16, 500 rpm

044 KPF11 Fudge factor used Wi EP at 3089
U50 Lpro

045 KPF12 Prescure control gain - (PT5 - (571) x 16
PT5a) at 8250 rpm

046 KPF13 Presure control igain - (PT3 - (-671) x 16
PT3o) at 8250 rpm

047 WPFI Opecý-ioop fuel-pressure control 779 lb/hr
04 PFIat 8250 rpm

048 KPF21 Fudge factor used in EP at (576) x 16
' 11,550 rpm

049 KPF22 Prescure control gain - (PT5 - (-162, ;c 16
PT5ý) at 11,550 rpm

050 KF.'23 Pressure conr.'ol gain - (PT3 - (-224) x 16
PT3a) at 11,550 rpm
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Table B-7. Glossary for Equilibrium - Pressure Control (Concluded)•I
I I Stanoard ValueVT Transferred To D iened Inte'Number (Program Label) Description (Defined in theBendix Program)'

A061 WPF2 Open-loop Nuel-pressure control 1740 lb/hrat 11, 550 rpm

062 KPF31 Fudge factor used in EP at (59) x 16
1-.025 rpm

063 KPF32 Pressure control gain - (PT5 - (185) x 16PT ba) at 14, 02 5 rpm

064 KPF33 Pressure control gain - (PT3 - (-258) x 16
PT38) at 14,025 rpm

065 WPF3 Open-loop fuel-pressure control 2573 lb/hr
at 14, 025 rpm

066 KPF41 Fudge factor used in EP at (364) x 16
16, 500 rpm

067 KPF42 Pressure control gain - (PT5 - (156) x 16
PT5a) at 16,500 rpm

068 KPF43 Pressure control gain (PT3 - (-177) x 16
PT36) at 16, 500 rpm

069 WPF4 Open-loop fuel-pressure control 3478 lb/hr
at 16, 500 rpm

071 Speed fuel request 0
1 count - 4 lb/hr

072 --- Pressure fuel request 0
1 count = 4 lb/hr

074 Mode numbes 0
3276 = speed control
6552 - pressure control
9228 = minimum fuel

081 -- Exhaust actuator request 0

180 --- Fuel request calculated by
control program 3. 25 counts =
1 lb/hr
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Table B-8. Equilibrium - Pressure Subprogram

11 JOe VD!I(

vDILET[E NNCT
1. ASH NW9OOOO.
*OVERFLOW 69CTORG sit NWgOOOg
*LIST "W9O0038
OXNEF MwenO004
*ONEWORD|NTEOLRB NW900050

*COMMON IDJMYII?7ioIVOOPUmyl$137*ISTSdmgA3?Igeq)IA3CwIlI 14WSO008ENT "WECT N•B500070

mWECT DC #0 NUSD000O8
MIX Lt XRII HOS00090

* • HwSOOtO0
6OX L. 0 NWSOOI I
di 6 TFIYN MWBOOIan

* INITIALIZAION

TCUTN'E1U * MWUOOI3O
1.0 a VT039
I L s16
bNZ 11CK
8TO 2 VTO39Lt I Vt011

SRI
$TO L. KCFII
1. I VTOJt
M• L wcF1

STO L K3PI
1.0 P V701S

5TO 1. KEFt4
LO .2 VTOi?
SR?
M75 L KEF21

1.0 I VrOt?
11 L IWIP
1.0 I VTOIS
STO L P3Pf
.0 * VToi9317

810 1.SID L K~r*4
LO P VYO2O
SRI 4

STO 4. KEP21
1. a V* o11
9 1ST .L CP3P
1.0 1 VY022
$TO L P3P3

S;LD 1 VTOP3S145 1 4
LD P ViI.40
SRI
%TO L KEF4.1
1.0 A VTOiuI
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Table B-8. Equilibrium - Pressure Subprogram (Continued)

Pi' L WIFe
LTO L F3oI81?0 1 PaPa

110 P VT043
SRT 4
$TO L KVFU4

I'S? 1L KPFtI
L•o VTO45
SAT' 4

979T L, KPFt
10D a VT046
ISRT 4
MITS L KPF1t

1.0 2 VTO47
$1TO L KPFI
1.0 3VI'048
SAT 4
STI L KPF21
1.0 & VI'TO49
SRT 4
MSI' L KPFRZ

1.0 t VYO50
SRI' 6
SI'8 L KPF03
1.0 3 VaT061
SIO L WPFT
1L. a VTOi6
SAT' 4

1.0 a VTO63
SRAT 4
9 TO L KPF21
6D0 a VTO64

SI$TO KPF33
"1.D a V706'
SI ' LO WPF3
1.0 9 VI'OB4
SRI' 4
M L KPF41
1. 0 VITO67

SI'TO L PF4O
1.0 p VT'065

S I'TVL KPF4I
10D j VTt69O
VI' L WPF1
1.0 , -0
911 L. TIME
I'S 1. SWLAG MWSOOI IS

*INTERVAL DCI'CRMINATIIN NW100116'

MICK EQU * ,WSoovoo
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"Table B-8. Equilibrium - Pressure Subprogram (Continued)

op THAX m900
Lp It ' H90O8D0

a?@ WIN NWIO01401-,OD Bills

60 00 .W+00270
M cT .. 100,10

* L INIF. HNW50080
C& OC .4.. NWIOOI 30

0•1 D€ *De NW300'S
WIN 1 C *.. NUS00tOt

Lena
YTHAM 1.0 $16500 HW8O'320f

a a vits? MISo0031
op TIM NW66O0O3

1.0 03 HwsWa)2f
M10 NIN HWSO020
L. 00 Hd80035M
$50 Cl HiV;0023'
*10 .135
110 Cl MN 500250

L IN. F MW9009Ml
TINM 1. 611550 HWS0O000

S I V77S? NWSOO41n
IN TINE HWS004.2
SRT 9
0 S3300 HIW90040
STO CI 144800650
LD otiH

7 Cl HSWO07oh

6D * HWIO0069

ISO NIN 14W600508
a L INir OW600810

TINE 1O 0lsOi Nww0!osl
9 '7I 5 vwtw oos]n

bN ?IN] 14WS0050
OS T 9 H MS00 96 0

310 CI bWSOOS7T

I Lt WW9OOIIO
1TC cl mNS00608

STO NIN HNwS00i6
a L INIF NW50053f

TiNI 10 015500 NW50006
6 V VT157 4SW00655

a .2476 IMWSOOS?0
$TO Ci HWSO.650

LT * CI 14S00700
S7 cl mWS00?in
L1 13 HwS00720

M1 WIN Hwsoo73fl
Uo L IN3F H*500746
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Table Z-6. Equilibrium - Pressure Subpivogram (Continued)

* geULIsRIUM FUEL FL1W O GAINS NWt@0076

K(ClIi OC
(171t OC 0
KEFi3 DC 0

K FI PC *6e
PHI3 DPC VnS
bPhl PC 1613

* PREiSURE FURL FL@W so GAINS WIDO5Oa4
KPU'1 0C fee
.KPFI2 QC *oC
""KPF13 PC DC
KPF24 DC b3i ~wPFI DC -

WPBI PC Su M1092P3pl 0C 1-2

P&p1 9C 2490
WIMNI De III& 14W00936
TFmNI OC 650:TbI "VC 2602 mW$OOO76

BUMPS DC I NmW80091
S.TX1 OC 0 HWIO19O
N•TF % to
;Cl 0C 9e0 N.$0101A
Cal DC N8tl
TWT1 DC *HW BO310tO
SUmI US$ 1 0

DC 0

SINTERPOLAD INYIRVAL 1

jNlF EQU 1N401058
1.0 L C1 HWICIO60
270 C1 N"W601080

L.0 L 27XI 4di0Ito0
MTS TSY1 1w401110

LUPI LOX It T7Tt 114901120
LO LI KEFII 14WSI01n
M Cm C11 1440114
LTO SULtI 1W9010S [ 60 Lt KEFli2W1t7

M C21 144401t50
AD SUMI
SRI+: iSLY 16

M10 Ll KEfNI HW401302S +LO Thil NW30I330

A L B.Pt HW1SOII4O
Ste TSTt NwSOlken
* L NGFT NwSOtpln
ON LUPI HWSOI70
a L FUFLM HWS0IP80

.EQ UILIBRIUM FUlL FLOW 70 GAIN$ NW50P•9f
KEV21 Dc
KL 122 VC 0
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Table B-8. Equilibrium - Pressure Subprogram (Continued)

K(C3n DC e
KLF14 PC of%*

KPFE , PC

pu1t PC 006
"P[1 PC 1893

• Itl[SURl[ FLIC FLOW 70 GAINA MW2012t70

KPF8I DC QC7KPrat Oc c

KPF23 DC ee
KPF14 DC e2wPF2 Oc c

WEP3 DC iMOPSPR PC 160

WET2 OC 1877 MWID1OSo
A62 DC 162 UWUOlaYo
WFMNE DC 1125
Tb! cc 3562CIE 0C Alp3 H000S

cel Oc **00HIII
TI•i DC *.e NWS0IS*O"
?STa 'DC 000 HW50154O

SU42 OSS E 0

0 C aDC O

I NTERPOLATE INTERVAL I

INIF EQU * HNSISOt0
LO L C1 NWSOI610
ITS CIE HWI0t570
.0 L CE Hws01 550
LO L SETX1 HW.soton

$TO TOTE NWSOIAIO
LUPS LOX I1 TSTP M9S016*0

0D ki KEFII HSt016 3 n
CIE M4401 j*f

ST0 SUM"

Lb LI KEP31

•.~~a MW• £F|HSOI&7n

AD sums
•'SQT 7

SLT 16

$TO Lt IKLPi twollt
LO TSTS 4S401730
A L BUMPI 4S401740
$TO TST2 1401 750

9 LNGrY Ww.80766ON LUP2 H4S01770
a L FUMLM N901 72o

E FOUILIBN!UM FUEL FLOW I SGAINI HSOt?179
[EF31 DC
KEF32 DC 0
KEF33 PC 0
xEF23 DC 0
siLF3 DC .meP3[3 UC 6161PE CPREssuQE FULL rLOW 58 GAINS 9iwSOta7n

PbE3 OC 2243
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Table B-8. Equilibrium - Pressure Subprogram (Continued)

KPF I C• em
l! Dc oe

KPF14 0c 136
APF3 DC too
P3Pv DC oeo
PSP3 DC ;;oo
wTF3 PC 3102. NWlO1t$
AS3 DC li tI W Olg76
OFMN3 DC 1615
1W) DC 27*) wwlOlOoo
CI6 DC .0e "18OO#o
C13 Dc W011 eo SOo

YSTJ 0C toe MwUO~o4a
$UM3 USS 1 0

DC 0
0C 0

I |NTERPOLATE INTERVAL 3

IN3F [OU * 1W01o50
LO L Cl Meb01060
STO CI WWSOl070
L. L Cl MSO2080
STO C23 00S1090
LO L SETXI '4WOto00

LUP3 LO It TST2 1*1502123n
LO Ll KEF31 HWSOP13n

14 cis HwSOI1*o
570 SUM3
.0 LI KEF0I 1dS0*170
M C23 *aO•302n
AD SUMI
IRT 7
LT ' 16

ITO lI KgFNI 4wUOllvn
1.0 TSII wwlOug)n
A L OUMPI HO2W130o
$TO T673 1*1O021O

* L hrIQ7 Mt400160
ON LUPI N"wo0r7n
W L FUEL14 NMSO224

EQ[UILIBRIUM FUEL FLOW 1O0 GAINS NWB02290

KE •F41 PC 0
KEF*•3 OC 0

wEF4 DC .
P3M4 DC 1OttoP5I4 CC 391ii

• PRESSURE FUEL FLIN 100 GIANS WW80I376

KPF.1 DC geo

9PP43 DCC

KPF44 CC 317OPq4 0C *at
iP3P4 OC 0.pJ0 DC5
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Table B-8. Equilibrium - Pressure Subprogram (Continued)

f ?`14 UC 3kat
TW* OC 1614 NWSOIUO0
FuELM 9OU *NSll

* INITIALIZE INTEGRAL$ AND LImITI IN INTEISiLa

LO a W7039 NW502520
.1 P6 NWSOR53o
SN4Z mows I4WS03540
.08 a VTO39
L IO VT036 4WSO2568

3TO ENK
dNN SENL
LD .0
I ENx

UENL $TO 6 NKL
LO 2 VTO37 SOW601VI
ITO CPK
ONN SPL

I [PK
UEPL ITe EPKL

0D I 'TY038 HWSOUl6O
"STO I'TKL HW601600
Sye !:TK

MOWS Eau NWSO1610
* * 94W902t86

* I4SW02463m
* HWSOQFanS• CALCULATE DhklVATIV•B 3* I P EN9PT WSO23n
.__ WS02740

.LO v VTIS WWSOP7Sn
6 a VT167 HWS02760
ITS ENOK HM2i77?•

LD L PT3NS HW .2gm6
l I VTlOmmy. [POK HwS$O'g•o
1.0 3 VT0S? biiSO 950
SNT 16 HWS9026n
0 410 1W601870
9 L TOBN NWS02a8i
ITO ETOK modown
LD TIME NwSO9Ofn
UNZ INTEG Hw$0291n
LD ENDK HWS02920
ITS ENDKtI HS0293M
LO EPOgC 14MS294A
STO EPOKI WWSO029s
1.0 ETDlK WI*S0?96A

1.0 p VTO36 HWVG9sn
STO ENK HOS0,gq9
-NN STrNL
ý-D .0
5 ENK

SSTENL STO ENKL
0LD a V%37 lwS032nl

SRI
STO EPK IWS030]c
SUNN STrPL

S [PK
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Table B-6. Equilibrium - Pressure Subprc~gram (Continued)

SIEPL Ste EPICL
ETK 4W030$o0

ITO EYICL NUSS0307
L.0 *1 MWSOZOUO
51O 111w W54W3029n

* L INTEl
LenaG HW9on to

*GENERATE EN CF'f H1003120
lIME Dc 0
ENDE Dc to*. 1w8031 *0
[Next Dc 0 WwSO~tsn
EPOXC Dc 00. Hw303160t
EPOKI DC ow.o HWS0317o
ETOK DC o.HwS0fl 50
ETOKI OC 0.o1*302190
DT 0c 15 N4WU03200
ENE DC 004 1*103V10
ENKL 0C Hw.I*103920
EPIC DC *.5w30392o
EPL VC Hw. I44O3*f
ETIC DC ow 513210ps
EY"L DC MO 1S03202o

INTEO LOU * 5403u9n

LU N~w ;ALCULATC IN W403300
A ENDiCI

SLY 3 EN SCALED UPBYBI
D 0375
A INK MWS0SIOO
ITO ENKC HWI0341o
*CALCULATE EP MWSOI.En
LU0 EPOK
A EPOKIC

II $275
M L KPPNI
D 01000
A EPE NWSO0369

*CALCULATE El NWUO2Ulo
LU ElOec wWg0gglo

SLY to 54403540
S OT0f HwS403150
D '2000 IwwSOfl7n
A (Tic HW5030255
ITS Elk 1W5S0359fl
*LIMITS ON EN [P IY IMWS03&O
LO ENic M41403610
MW MW 14W 403&Rn
8 ENiL W4SO3430
8IP Nup Hh!OJA4n
LD ENEL 14a90)AS
STS INK HWSrlA6n
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Table B-8. Equilibrium - Pressure Subprogram (Continued)

* L WEI NwO•ao
MWI gau * HW9UAS&O

LD INK HNW03698

A ENKL "WW03700
aP W2 HNUSO2TIO
Lb 0O HWSO272M
U ENML HWSO373
Mt ENK W834

1ME IOU *" H$803750
Lb EPI H*I03760
14 MW3 1WW3077n
5 £PIL H4903780
GNP M.W NWWS0379
LD EPKL WWS03500
MT5 EPI MwSO~atln

0 L MW4 HWdSO382l
""W3 IOU * HN9SO363m

LD EPK ICS0300
A EPKL wMO•So50
'uP MW4 WAg03860
LD 20 HWS03570
"S 9PKL WWS0388o
970 EPIC Mw~S03a9n

MW4 Eau 0 nvo~n
LD [TK HNS0391M
6N MwS NWSOI09n
U ETKL HWS0393M
ONOP M-46 HwSO3g4n
LD ETKL HWS03950
STO ETK NwSO396n
0 L MW0 HWSO397n

MW§ FOU f MWS0395n
Wb TK TWS092n
A ETKL HW•S0n00
GO "W HNS0401n

L. .0 NWSo0en2
M ETKI HWSOkO3fSITO (TKC I4SO40nfn

8 L MW& HWS0450
LONG WwSoon~n

Aft 0 ORIVATIVEI US0400

Lb L ['40K HWW049OA
-M L ENDICIW HWS04t0o
LD L EPDK M•4S0tto
STO L EPDKI HNW0Bin
LO L TOK wS04t30
,TO L (T0KI SNO4tIa

-* IwSOat5r,

* INTERPOLATE rPI PIE AND P% wif0A4t60
• AS A FUNCTION OF PLA NHWSO*17o
PLA EaU

LD NPLt HI4SQuil
v V71T28 HWS04I1sM

3N O•lI HhSO4POM

*Lc L P3E1 WMWO~t
STO L P3PL H4S04•2u
LD L PbrIHwo~~
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Table E-8. Equilibrium - Prcssure Subprogram (Continued)

379I L PUP1S. HWSIfl04)

8D L WEFH W1S30*IbnSTO L W[FW HWB0426i0

8 L MOW& HsS041s0
"HWlI 1.0 NPLI #4S0*iIf* 1 VTa6i NwS04Psn

sP Mwow *4404200
LD L PE1. ESW30421n
370 L P3FL HWS0322r

_-0 ' L PHU• Hws04330l
LTO L P5FL &WS04340

'-LD L PWS4 HwS0435n
M.0 L WEFN HWS04360

* L MOW& NW80*27o

MDWE 1.0 1. NPLP MWU8041n
I P VTsII HWS 9 90*
IN MOW3 "90*4600

0 $3300 NWS04410

LD SIPS

M CXN WSOe66B6

LD L P3M HMWSOb470
MS P3L HWS0*4Ufl
O L P3R2 WW04eS0 n

STO P3m HWS04300.
6D L PSel MWS043SM
MT, P5L HWS0SO2_
0D 1 PSES HWS0453I

ITS PS. MWS04SO4
1. L WPFg HwS0463o

TS WEFL HIS04*6!

ITO LW tPM Nvd$0*6S

ON MONw HWS0.30

IRT 91.0B • MWS046*
MOW 1.0 N0PL3V6il 412*&2

M cXp WWso449n
LD L PURl WtS0700l

MT P3L MwgO47|n
LD L PM[ HNS0472fM3M? P3M HW0473
LD L PSE2 HWS0Q746
By0 P5L NWS04?S0
35 P5[3 H1S0476n
10 1 P5M NWS0477O
LD L w932 MNS0478!
STO L WEFL 1WS0473n

STO L WWSFtto
1WF?• Hw qOt~15
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Table B-8. Equilibrium - Pressure SubprogIram (Continued)

'I S L NDWS Hitwl@4*NMI Dc lO amSO4ISo

"Pt, Or I10 Hwb0*SlnNPL3 DC 1 *6 5 NW 904 590

NPSL DC IflO HWSO* 570
CX1 DC age NW604870
P3L DC "a WS0 b900
PS N DC *4 1W 304910
wEFL OC MHSO0*49
WCFL DC Ou0 !4MSO495o
WEDM C o
slImE Bss 1 0

m D k 4 L b N P L I M WS O * 9 7 e$SR p VT12l HWS04970

SAT 9 N5t9. .2475 NwSO•r
Ste CXi wwS0soor
La .121 1W052Cxl wwSOS•on
My* CXUp NWOSO o
LO L P312 WwSO5046
Sys P3L HwSOsnso
LO L P321 NISOSO6nIST P$imt•SS~

LD L P5f3 2 wSO5o9fSTO PSL "hSOSO
LD L PS1 wwso5stl
Ste Ps5 $WSOSit i
LO L WEF3 HWSOSt1n
LM L wEFL MhSOSB3I
Ste L kitM HWS051 0

MOWS Lo P3L HWSOS160
m Cxl HWS05 70STO SUMXLb P3M tH bSOS•lO
' CXP wwS0$1io
AD SUmx
SAT 7SLY 16
MT0 P3PL HWSO525n
Lo PIL Ih iO5u5 f
S CXI wwSOSv?

STD SUMx
Lo PSM HWSOS300m CXP HWSO531014• SUNK

SATSLY 16
STO -PSVP HWSOSi3n

Lb L wIFL HW5O136n

L O CX, H'SQSlb o
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Table B-8. Equilibrium - Pressure Subprogram (Continued)

AD lsmE
MY1 7
SLY 16
MO WfrN

Lefte W57
MDW6 LOU * wSO0SU1

1L. L P6PL MWS01528

-310 p MTO&1 WSOSSin

1.0 L P3PL HW80534n
816 P V7163 14W30515f
4. L. Et4I, MWSOsqn
ST0 a vPi HAdOS570
D0 L WPFN HuSOSSsn

118 P VTISG "WS05590

LD L KUM wwsos•6n

MS 2 VT1 •o IiSOSTn
1D L K[FN2 HSOS&n
STO P VTi&7 HwS0SS63
LD L KEFN3 NHSOS6O0
MT8 2 VT1S8 HpSOS&i0

LD L KEFN4 NSOS1056
MT6 f VT169 "4S0567n

LD L PTKN8 M4S0480
STO 2 VT178 HWS065O n
LD L K[FN9 HOSGS700
.ST t VT171 1W905?7l
LO L EPK HWS05720
MTO N VT172 Hwsos53n

L0 L PFN HWS05740
ST0 2 VT 173 wS0ST5n
L.0 L KPFNR HwSO576
ST N VT|74 4W505775
1.0 1. L KPFN3 HWSOS70fl
1ST '2 VTI7S 1WS0579,i

1.0 L KPF44 WS0500
11O I VTI?6 bwSOS6o

* CALCUL.ATE x-xG FOR COUslIS1UhU PUIISUO, IWS0549o

SI VTIS7? MSOS20SS i vTj~5 I4N5SOS3O

MI MCI HWS056S#n
31T F VT196
1.0 1 VIIOS NWSOISSn

s L PSPL W$SI05480
ST1 MEN WNSO56IO
5 NVT073 if NNS074&fi
STO a VTII?

S L P3PL •wS059On.
%TO MEl3 HWSO594n
SyO 2 VT194
1.0 INK HWS0550
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Table B-8. Equilibrium - PressBre Subprogram (Continued)

w L PYINS NwI0eoloV • SNI NWO06010

RiO NT0E 1WSO6030

3 L PT3N3 HWSOI060Mt MP3 WW806070
ITS £ YTROO
LU D [PK 1SO60&80

* L NREQW HwSDAtOo
MCI DC ::: HWSO6tiMI PC N-0 H8OOt 30
MEI DC •po NW$06t30

Mpt 0C *00 HMS04tsn

MPH 0C OWN HWSO6t6n
PI3 DC too HWSOe4I7

MF4 DC em. H006t8f
KLFNI DC Off wSC&1t9nKECCNZ CC see NwSO~Ron
KLFMN PC go. H.06P

w•P• D• em. H•SQ623n

KPFNM PC M-0SOJIM
KPFN3 CC HW506a60
KPFN4 DC 0*e Hws6C69n
wPFN DC o0. HWS06D00
PT3NB PC *so Hw$O63IM
PTSNI PC to. NwSO4Ito
aTFN DC tew WW0633I
Adh VC to* HWS06346AWqN DC ewe HS~l

YI)ON Ur one H306370
&UHEF PC too HW$06280

CALCULATE FUVEL RED, .2' FIR UPcgO AND PRIgmIeu
C

FR[PI CO U CW80626U
LD L NEMW0l646n
SMEl NWSUOM6
SLT 7
STO 1 0T20!

M7 Su~rr HWS0O6.9n
LO~ L KETNE w0I1:
N MEP HwWo~sln
D 00

SRT
$to P VT20:

A SUMCF Nd906qt:i)
ST7 SUMEF NwS00669
LD L KEFN3 HwSo6sgn
N ML3 HSw06s6n
o .100
SRT I
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Table B-8. Equilibrium - Pressure Subprogram (Continued)

STO u VT00) SA SUIEV WWSO61Sa

1.0 L 1(ETN4 MW9066on
ME4 NW•S602n

SLY 4
MtO I VT!Oý
A sunFrP HW$030~2
eye SUMPF NlW80665
LO L WE[N HWSO?
SUT 2
A sumcor I4WB0600
eye SUMIEF H4W6067lo

LO$G NWSO07O0
,UMPF DC *Hspa wSW9n

. FREOP EaU Hd$6Oi8OM1.•0 1. KPN H~OiS0UO

"M MPI MkuS06I6

SRT U

576 I VY1oS
LD L KPFN3 4WI0690f
M MP2 IW360691fl
- 0100
.RT I
"l8T r VTP06
A SUMP! 1WW8694fl
STO sup W664
60 6 KPFN4 NW8069SO
M M04 g"WS0O96n
B 0100
SRT I

A lUmPU 4WUQ0g9o
MTO SUMPF !w OT0%n
L• L WPFN HWO07010
SAT I
A IUmP! HW50765n
eye SU"PF g4W8070?n
6 L FREOT Hw07ite
L5RQ NwG07t0o

•UMF DC . HW071t0
FRGOY EaU I WS07•5n

6.0 03P700 HWS071I6
Ste SUmTF IwSO7t0
5 L M0DBkT HW5071• n

*ONE DC 3276 IWSOT7POM
TWO 0C 658# HWS07PIn
THREE DC 9431 N•S07•22
uiFMOD DC *G* WW5O1373

MODE SWITCHING LOGIC

mOSwT F6 * H*S0o7pn
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Table B-8. Equilibrium - Pressure iubprogram (Continued)

MYS I V?071 MWIOCllO
..0 L IUMJT NWl077O8
-S- I VTO7I MwOolUeO
60 I. UN?, "W801198
$to a VIO?2 Mke107200
CMP P VTOT7 MWS07310
.0 P VT7T MWdSO792nSNOP WwS0?33n

WT FMOD 14W907340
CMP 1 VTo71 Nw9o0l3f

NO! NWiS0737,3
@Is a VTYIO HWM072fi
sN MINFL
M L '13 g4WS06g99A
LYT 16 NW907O00
MT. a VTjS0

1.0 a VTIAO
8 L WFMNN
U'NN MINSI

M|N•L 0 L L WFMNN
IT$O I TiAO

1.0 a VTnao HW80iz9
$RT 16

- I VTOI NW8OIO07
BNZ MZKEI NW207410
6D0 ONE NSSO?4l0
ITSO I VTO7 NWSO74A
a L RGAIB "WS0?744

MIKMCI 1 a VTISO NI4SO750

013

ONZ MIKES NW50t76o
6.0 two N4S076Sfl
ITO I VT074 NW9O7490
d L ROAII WW90SOY0

MNIXER 10 THREE 1W90751l
36TO VT074 NW8OS7o
v L RAID MkWSOS3l

CLAGO OC 49
KINUM DC 31
K2NUM 0C. 9
'VNMI DC *o*

UNMI DC 000
T.•F USS E 0

DC 0
DC 0

I'%LAG DC *w

F INA. FUEL REQUEST 13 LAISCO WERE

RWAID EQU * HWI3076n
1.0 L. SWiLAG
tINZ FILT
LO L s1P3
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-Table B- ,. Equilibrium - Pressure Subprogram (Continued)

SIP L UWLAS
60 a VTs80

T.O L YNPI
If0 L UNMI
6 L OSNel

PSIL? LB L UNMI
SI. K2NUM
510 L TEMP

-- -. 0 v VTI&O

SYS L UtUMI
M K2ACNUM
AD L TEMP
S7D L TEMF
LD L YNMI
.M L KiNUM
AD L TEMP
D I. KLAOO
M7 L. YNMj•dm ,ITO a VYilO

* IXNAUST NOZZLE M•EGMIT CALCULATION

DONOZ EaU

-!- NZ STIO
LB r VTDT4

--M L NAB
"* L CALAS

0710 LB a viTa?
MTO L NAB

CALAS LB L NAg
I L '16M3
INN GTil
L D a VY034

IN GTIR
LD a VT035I Te I VTOi!

*I L CONT
OTt; LD a VTo34

I I VYO35
STO L ANSZN

•L' O L @16500

3 L. NAB
M L ANOZN
o0 L e2475
A 2 a j
TST P VToal
a L CONY
LORO

NAB OC
ANOZN UC
CONT EaU * NWW0770fl
N1 LoDX LI -' NSMO7710

dsC 3 w4rcw 3W20772n
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Table B-B. Equilibrium - Pressure Subprogram (Continued)

v7071 iou al NW0775OV7071 [aU o71 WW507748

v1073 tou 072 Nw•7il•b
vTOfl LOU 874 WS07?IO
vigil Lou Mal 14W307770V7081 [aU 082 MWS07780
vigl• LoU *Si HwSOlTio

VT06l Lou gas HWS077•3
0il8? LQU 520 NMS0710n
vil8a Lou *w NWS07a2l
vital cou ci NWSOl8ln

VTi102 LU 9102 HWS07130
vTal0 Lou *1o0 MWSOf840
V1097 Lou w97 HW507150
VTU36 Lou *3& MWS07PIO
VTo37 ? U e37 Mw$OT7o
VT038 Eau o36 H*S07680
VT03i EOU '35 HWSoTl8ln

vi162 Lou 43E HOS0790n
vTi63 Lou *36 HMS0791o
VTI 64'GU 37 HWS0792nSVT163 EQU 034 NwS0793o
Vi166 EQU 639 HWS07943

VTiW cou oen NW907950vTl&7 LOU *40 MwSO795n
V7168 Eau ^41 HWSO7960
Vt l69 LOU 2 HwSo?3*o
v0170 EOU #43 MWS0797o
vTil? Eou **g4 1w07990

villa Lou MMSCNSO$•0l
v0i12 LOU *45 MwS0lonl

Vl174 LoU *e7 w0805020
v176S EaU *49 MwSOn0ln
VTl06 LOU 379
V0204 LU *to

vi196 EOU *69
vTY!? L7 U #7o
vi198 EaU *71
VT199 EaU #72vTlg9 LOU *73
vilgO LOU *72
vi01 alLu .74
v02O0 Lou #75
v•203 L2U M +7
Vi20* Eau #77
Vi25O LOU *78
VTOi1 EQU w12
Vi013 EOU -13
VTOi4 EOU "16
VTi1a LOU -1s
VT016 EQU "16
viO17 Eau '17
vTioa EaU Iol
VTiu9 LOU "19
VTOZC EQU -eo
vi021 Lou -tovTiO~ L•U "'21

2vTO EIU -22
vTi?3 LOU 0'3

pvT'2'l E'~u 4
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"Table B-8. Equilibrium - Pressure Subprogram (Concluded)

VTO41 [aU 04f
VTO43 COU 6SvT04$ [OU *i$
VTO44 COU 01
VTO45 EQU -O5

0V347 EOU -47! vtO48 Eau -148
v%1#9 EaU -49
VT050 Eau "so

VT061 EaU 061
-- VTO62 EuU 06F

vT063 EaU 063

VTO64 LOU e6d
vt065 EOU "65I •;,]VTO66 EQU 966

VT067 EQU 867
vT065 EOU 068
vT069 EOU P69
vT034 LQU 3
VT335'E U 035

1: ND
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* Table B-9. Standard Trim Adjustments in Bounds Program
(Equilibrium Pressure)

job JOB 90K 12 JUN 74 08#612 MRS
UDMP 12 JUN 74 08.612 HRS

*DfjETE GTECT
DMP FUNCTI[ON COMPLETED

LLA..M GIECT- 12 JUN 74 00.613 MRS HWEOOO 10
*OVERFLOW SECTORS #,90 HWEO00020
*LI1ST HW EOO 30
*XkEF HWE00040
*ONF WQRQ IN7E~kR5 HWEOO050
*COMMON i0UMY(1Z7IIVTO0,JOUMYE12719IWT0,MEAS7(64-),IASC.WI2) t4WEOOO60
0000~i 07C5F IET GTfCT- HWE-00070
0000 0 0000 2 GTECT DC HWEOOOBO
0001 01 6000012 3 STX LI XR1+I HWE00090
0003 01 6EO00514 4 SIX 12 XR2+1 HWE00100
0005 01 6FOO0516 S SIX L3 XR3+1 HWE0OIIO

6 *HWE00120

0007 03 6700FECO 7 LUX 13 MEAST-63 HWFOO13O
0009 03 660OFF80 8 LOX 12 IVTOO HWE00140
0U00 00 65000000 9 LOX LI 0 HWEO00150
0000 0 C03F 10 LO .0 HWE00 160

11 HWEOOIIO
OUOO 01 4CO0C0F7 12 B L START HWEOO18O
0010 13 kSTAL E5(10 - RESET ALL DIGITAL ADJUST HWE00190
0010 0 C03E 14 10 STOUl HWE00 200
0011 0 02FF is STO 2 VIOi 001_______ HWE00210
01I12 0 C03D 16 LD 51002 HWEO00220
0J13 0 02FE 17 STO 2 VTOC2 HWE00230
0014 0 C03C 1$ LI) 57003 HWE00 240
0015 U D2FD 19 510 2 vToo3 HWE00250
0016 0 C03b 20 LD ST004 HWE-00260
0017- 0 D2FC 21 STO 2 VTO04 HWE00270
0018 0 C03A 22 LO ST005 HWE00280
0019 0 D2F8 23 STO 2 VT0OS HWEO0290
OUlA 0 C039 24 LD ST006 HWE00300
001A 0 02FA 25 STO 2 vTG06 HWE00 310
OUIC 0 £038 26 LO ST007 WOO2
OLid) 0 D2F9 27 510 2 V1007 _____ _HWE-00 330
001E 0 C037 26 LO ST008 HWPO00340
OO1F 0 D2Fb 29 S10 2 VTOO8 HWE00 350
0020 0 C036 30-- TU D SY00§ HWE00 360
0021 0 02F7 31 $10 2 VT009 ______________ HwEOO370

0U23 0 D2F6 _ 33 ___STO 2 VTO1O HWE003390
0024 0 C031-34 ~ T HWU0040-0
0U25 0 D2F5 35 STO 2 VTOlI HF41

0060 03 610 5012 14WE-0042?0
0027 0 DdF4 37 STO 2 VTO12 HWEO00430
0026 U C032 38 10 ST013 HWE00 440
0029 U U2F3 39 STO 2910O13 ___________- - HWE00450

£002A 0 C031 LO 10 S014 HWF00460
0)28 0 D2F2 41 S TO 2 V1014 HWE00470
OLC 0 C030 42 10 $1015 HWE00480
Ouir.' 0 02F1 43 $TO 2 91015 HWE00490
002F 0 CO2F 44 10 ST016 HU-wEOO0 500
OUZF 0 D2FU 45 STO 2 9T016 HWE00 510
0030 0 C02E 46 LU ST017 I4UEOO520
O031 0 U2EF 47 STO 2 VTO17 HWE00 530
0032 0 C02D 48 L0 ST0iR MWF0OO540
0033 0 02EE 49 STO 2 vTOIH HWFOO 550
00-34 0 C 0--C S 0 $019 NUWFOO560
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Table B-9. Standard Trim Adjustments in Bounds Program
(Equilibrium Pressure) (Continued)

___ iitV4 74 PAGE 002

0035 0 DeED 51 STO 2 VTO19 HWEO0570
0036 0 £028 52 5• ST020 HWE ._.
0037 0 02EC 53 STO 2 VT020 HWE00590
0038 0 CO2A 54 • ,., STJ21 WE0bOO 0
0039 0 D2E, 55 STO 2 VT021 HWF00610
0UA0 0 C.029 S6 LD !MF702,,O H A2FO
0039 0 Q2tA 57 STO 2 VT022 HWE00630
n io 3r a-- 5tnta _£Ion - MM-S02 -LEDOACk--
0030 0 D2E9 59 STO 2 VT023 HWE00650
OU3E 0 C027 60 L . ST024 4HWEOO660
003F 0 02E8 61 STO 2 VT024 HWe00670
004.0 0 C026 62 LD ST025 HWEOOS O
0u41 0 02E7 63 SID 2 VT025 HWEOO690
0042 0 C025 LU 5T026 HWE-00700
00(43 0 D256 65 STO 2 VT026 HWF00710
0044 0 £.024 66 1.D0 ST027 HWE00720
0045 0 02E5 67 STO 2 vT027 HWE00730
0046 0 £023 . 8 L0 ST028 NWEOG74O
0047 0 0254 69 STO 2 VT028 HWEO0750

- 0U48 0 co9 7_0 -_ THE0
0049 0 D253 71 STO 2 VTOZ9 HWE-00770
004A 0 C021 72 LD ST030 HWE007•W•
O049 0 D2E2 73 STO 2 VT030 HWE00790
"f 004 7048 74 B STTVT HWEOO80Q

"75 LORG 14E00 810
0040 0 0000 76 * DC .... 0

"77 * SPEED CUNTROL FIGIO-344 HWE00820
004• 0 0000 78 SToOO DC 0 HWE00830
004F 0 0000 79 STOO1 DC 0 IDLE SPtED TRIM HWE00840
0050 0 0000 80 ST002 DC 0 MAX SPEED TRIM . H1EOO50
0051 0 4E20 31 ST003 DC 20000 H1EOO60
0052 0 0000 02 ST004 DC a BRANCH COMMAND 64+ HWE00870
0053 0 1000 83 £1005 DC 4096 N INTEGRATION INC H(500880
0054 0 1318 84 ST006 aC soon N INT PRFt, GAIN HWEO4O890
0055 0 FPM. 85 STO07 DC -4096 N INT DECREASE H400900
0056 STUFS DC -5000 N INT DEC PRESS GAIN HWE00910

e7 * HWE00920
88 * FIG1O-S PROP.TEMPERATURE CONTROL HWEO090

OU57 0 0000 89 ST009 DC 0 SPEED CUNTROL SELECTION H1WF00940
0058 0 32C8 90 ST010 DC 11000 FLOW HJES00950
oUS9 0 0000 91 STO71 DC 0 1E50 FLU0 ADJUST HWE00960

92 * HONEYWELL ST VALUES
93 *

OUSA 0 F290 94 ST012 DC -3440 N GAIN (50 9El
OU58 0 0177 95 5T013 DC 519 WF (50 ,E5
OU5C 0 0000 96 ST014 DC 2200 PT34 (50 fEI
0050 0 0180 97 ST015 DC 432 EN GAIN 50 ,E)
005E 0 F820 98 ST016 DC -2016 N GAIN (-0 .#E)
OUSF 0 0315 99 £T017 DC 693 wi- (70 9E)
0060 0 0000 100 ST016 OC 3550 PT31k T70 It!
0061 0 0190 101 5T019 DC 400 EN GAIN (70 .E1
0062 0 FP60 102 STOZ2 D2 -1952 N GAIN (85 .E)
0063 0 04A6 103 STO2i OC 934 WF 65 ,9E)
0064 0 0000 104 ST022 DC 5500 PTIV (as a ]u
0065 0 0380 105 ST023 DC 896 EN GAIN (85 .E)

106
107 * END HONEYWELL ST VALUES
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Table B-9. Standard Trim Adjustments in Bounds Program
(Equilibrium Pressure) (Concluded)

:___.12 JUN 74 F"If 003

108 *
0066 0 1770 109 5T024 Dr. 6000 ZERU N nATI0Sý INTERCEPT HWE0114O 0

J0067 U A240 l10 5T025 DC -24000 BACK SLuPE SPEED BREAK PT HWEOIIS0
0068 0 4000 111 ST026 DC 16384

112 * HWE01170
113 * FIGURE1U-8 RATIOS INTEGKATIONHWEO118O

GOUib U 7FF8 '14 ST027 DC 32760
006A 0 0090 1t S12&L__ - $To 28- O___
0068 0 0000 116 STU29 DC 0 MINIMUM RATIOS SLOPE: HWEO1I210
006C U 5014 117 ST030 OC 20500 MINIMUM RATIOS. .EVE_.L _ HWED•Or)
0060 0 0000 i18 ST031 DC 0 HWE01230
006E 0 7FFB 119 ST032 DC 37760 VALVE MAXIMUM POSIT'ON HWEO1240
006F 0 0000 120 ST033 DC 0 VALVE MINIMUM POSITIOU HWE01250
ou70 U 25*8 12A• 32! stu__ 9640.
0071 0 OA5A 122 5T035 DC 2650

____123 *
124 * HONEYWELL S.1 VALUES
1~25*

0072 0 0640 126 ST036 DC 1600
001O3 0640 127 St037 DC 1600
0074 0 0013* 128 ST038 DC 10
"0075 0 0010 129 ST039 OC 16 _

0076 0 FOA0 130 5T040 DC -3936 N GAIN (1009E)
Du77 0 0960 131 ST041 DC 1648 WF (1009E)
"ou78 0 0000 132 ST042 DC BOD0 PT33 (100E)

U0079 0 0930 133 0ST43 DC 2352 EN GAIN 11009E)
007A 0 OCIl 134 51044 DC 3089 FUG GAIN (50 ,P)
007B 0 2380 135 ST045 DC 9136 PT5 GAIN (50 9P)

* OUTC 0 D61U 136 ST046 DC -10736 PT3 GAIN (50 VP)
OU7D 0 U3U5 137 51047 DC 651 EP GAIrN(50 ,P)
DOtE 0 2400 13 S1048 ODC 9216 FUG GAIN (70 ,P)
00 7F 0 FSEO 139 5049 DC -2592 P75 GAIN '70 ,P)
,00O 0 F2uO 140 ST050 DC -3584 PT3 GAIN (70 #P)

141 *
142 S END HONEYWELL ST VALUES

144 * HWNF1460
145 * FIGUREIO-12 1GV £ BLEED CONTR HWEO 4.70

O081 0 0000 146 STS0 DC 0 LOW N TIM OF IGV HWEOI040
OU82 U 3860 147 ST052 DC 16000 HIGH N TRIM OFIGV HWE01490
0083 0 0000 148 51053 DC 0 LOW N T1IM OF BLEEDS HWEO1500

8U4b U 3EbO 149 ST054 OC 16000 HiGH N TRIM OF BLEEDS HWEUISIO
150 * HWE01520

___151 * FIGUREIO-14 NOZZLE CONTROL HWEO1530
0085 0 105E 152 51055 DC 4190 NOZZLE FLAT BEN0153O
0086 0 4008 _ 153 5T056 DC 16600 TS REQUtST HWEO1550
OU87 0 40U0 154 ST057 DC 16384 T5 CONTROL GAIN HWEO1S60
OUB0 0 0000 155 STOBs DC 0 HWEO1570
0089 0 0000 156 ST059 DC 0 HWEO1580
008*UA 0000 157 ST060 DC 0 HWEOI590
00U88 0 06CC 158 ST0O6 C 100 EP GAIN (70 ,P)
OUBC 0 0360 159 ST062 DC 944 FUG GAIN (85 9P)
OU80 0 OB90 160 5T063 DC 2960 PT 9AfIN (85 P)
OOUE 0 EFE 161 T5064 0C -4128 PT3 GAIN (85 ,P)
O0UF U OAO 162 ST065 DC 2000 EP GAIN (85 ,P)
0U90 0 16C0 163 STU66 DC 5824 FOG GAIN (100,P)
0U91 0 U9co 164 STU67 DC 2496 PT5 GAIN (100,P)
0092 0 FAFO 165 ST068 DC -2832 PT3 GAIN (io00,Pi
..OU.. ."6....T9 2900 ... EP GAIN (Ioo0R)
0094 0 0OOU 167 ST070 DC 0
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Table B-10. Glossary for Equilibrium-Temperature Control

Sr-.... .Standard Value
VT Transferred to Sadr au

Number (Program Label) Description (Defined in the
Nm r(rgm alBendix Program)

009 --- Logic switch: If VTO09 > 123 0T the Honeywell controller is in;
otherwise not

012 KEF1I Speed control gain associated (-215 x 16)
with (N-Npin) at 8250 rpm

013 WEFI Open-loop fuel-speed control 519 lb/hr
at 8250 rpm

014 P3P1 Open-loop PT3-speed control 2200 psi x 100
at 8250 rpm

015 KEF14 Speed control gain associated (27) x 16
with EN at 825 rpm

016 KEF21 Speed control gain associated (-126) x 16
with (N-Npla) at 11,550 rpm

017 WEF2 Open-loop fuel-speed control 693 Ib/hr
at 11,550 rpm

018 P3P2 Open-loop PT3 - speed eontrol 3550 psi x 100
at 11,550 rpm

019 KFF24 Speed control gain associated (25) x 16
with EN at 11, 550 rpm

020 KEF31 Speed control gain associated (-122) x 16
with (N-Npla) at 14,025 rpm

021 WEF3 Open-loop fuel-speed control at 934 lb/hr
14,025 rpm

022 P3P3 Open-loop PT3-speed control at 5500 psi x 100
14,025 rpm

023 KEF34 Speed control gain associated (56) x 16
with EN at 14,025 rpm

026 --- If this number is made large, 214

Bendix bound on fuel will not be
in effect

028 Logical switch: if VT028 = 64 0
Honeywell nozzle is used;
otherwise not
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Table B-1I6. Glossary for Equilibrium-Temperature
_,wntro! jCo.•tLnued)

N r r e dStandard ValueVT Trams Label) Description (Defined in the
-____Bendix Program)

034 --- Exhaust request: open 9640

035 --- Exhaust request: closed 2650

036 ENK, Initial value of integral speed 1600
ENKL and limits valve

038 ETK, Initial value oi integral tempera- 25,600
ETKL ture and limiting valve

039 Logical switch: VTO89 = 16 16
initialize everything. VT039 =
64 initializes EN and ET only

040 KEF41 Speed control gain associated (-246) x 16
with (N-Npla) at 16,500 rpm

041 WEF4 Open-loop fuel-speed control at 1648 lb/hr
16,500 rpm

042 P3P4 Open-loop I'T3-speed control at 8000 psi x 100
16,8500 rpm

043 KEF44 Speed control gain associated (147) x 16
with EN at 16,500 rpm

044 KTF11 Temperature control gain - (557) x 15

(PT5-PT5b) - at 8250 rpm

045 KTF12 Temperature-control gain - (-736) x 16
(PT3-PT3b) - at 8250 rpm

046 KTF13 Temperature control gain - (-105) x 16
(T4VWF - T4b) at 8250 rpm

047 KTF14 Temperature control gain - ET (52) x 16
at 8250 rpm

048 WTF1 Open-loop fuel-temperature 651 "lb/hr
control - at 8250 rpm

049 KTF21 Temperature control gain - (938) x 16
(PT5-PT5b) at 11,550 rpm

050 KTF22 Temperature control gain - 24585
__(PT3-PT3b) at 11,550 rpm
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Table B- 10. Glossary for EquIlibrium-Temperature
Control (Continued)

T 1 Standar. Value
Number (anferred to Description (Defined irt theNumbe (Proram Lbel)Ben"i Prod'am) l

061 KTF23 Temperature control gain - (-131) x 16
(T4WF-T40) at 11,550 rpm

062 KTF24 Temperature control gali, - (65W x 16
ET at 11,550 rpm

063 WTF2 Open-loop fuel - temperature 100U lb/hr Iicontrol at 11, 550 rpmF;

064 KTF31 Temperature control gain - (-343) x 16
(PT5-PT5b) at 14,025 rpm

065 KTF32 Temperature control gain - 4235
(PT3-PT3b) at 14,025 rpm

066 KTF33 Temperature control gain - (-87) , 16
(T4WF - T4b) at 14. 025 rpm

067 KTF34 Temperature control gain - (74) x 16
ET at 14,025 rpm.

088 WTF3 Open-loop fuel - temperature 2000 lb/hr
control at 14, 025 rpm

069 KTF41 Temperature control gain - 6127
(PT5-PT56) at 16,500 rpm

071 Fuel request - speed control 0
1 count = 4 lb/hr

073 --- Fuel request - temperature 0
control, 1 count = 4 lb/hr

074 Mode number 0
3276 = speed control
6552 =temperature control
9828 = minimum fuel control

075 KTF42 Temperature control gain - -8338
(PT3-PT3b) at 16,500 rpm

076 KTF43 Temperature control gain - (-4) x 16
(T4WF-T4b)

077 KTF44 --- (108) x 1r
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Table B-10. Glossary for Equilibrium-Temperature
Control (Concluded)

VT Transferred to Standard Value
Number (Program Label, Description (Defined in theBendix Program)

078 WTF4 2400 lb/hr

081 Nozzle fuel request ---

082 TBI T4b at 8250 rpm 10,200 OF x 10

083 TB2 T4b at 11, 550 rpm 9000 OF x 10

084 TB3 T4O at 14,025 rpm 10,500 OF x 10

085 TB4 T4 at 16,500 rpm 11,600 OF x 10

086 P5T1 PT56 at 8250 rpm 1480 psi x 100

087 P5T2 PT5b at 11,550 rpm 1640 psi x 100

088 P5T3 PT56 atl4, 025 rpm 2050 psi x 100

089 P5T4 PTO• at 16,500 rpm 2550 psi x 100

180 --- Fuel request ---
.3.25 counts = 1 lb/hr
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Table B-11. Honeywell Control Program

// JOV vOISK 17 JUL 74 15.584 HRS
li. OMP 17 JUL 74 15.585 HRS
*ELEýTE .. .. _ '_HWECT
OMP FUNCTION COMPLETED
// ASM 17 JUL 74 15.586 HRS
*OVERFLOW SECTORS ,9,9
*LIST
*XREF

0_Q .N E M_ D E G E R -- - --.. ...
*COMMON IDUMYI127),IVTO0;JOUMYVl?,-l-7IBTOME.AST642,IA-SC.W(2)
0000 089850E3 1 ENT HWECT HWSO00070
0000 0 0000 2 HWECT DC HHWS00080
S0001 OL 600050A 3 STX Li XRI+1 1*HSO0090_

4 * HWSO0100 .
0003 00 _6_500000 . .. L_ .IL. HWS0O110
0005 01 4CO00007 6 B L TESTN HWS00120

7 * . ,SO016D
8 *INTERVAL CiTERMINATION HWSO00170
9 •* .. . o s o00180

6OOi 10 TESTN EQU .HWSO0190
0007 0 C209 11 LO 2 vT039 ,!
0008 01 9400008C 12 S L =16
ooo0 01 4C•2oooA 13 SNZ HICK M . .-
OOOC 0 D209 14 51O 2 vT039
0000 0 CZF4 15 LD 2 VTO12
O00E 0 1884 16 SRT 4

_ OO9F 01 D4000FC 17 ._51T L KEFi1 __
0011 0 C2F3 18 LD ? vTI0 l)
.0.0 ,1- - o•040 010D ._ . . ... . ST 1 _ -. .
0014 0 CZF2 20 LO 2 VTO14

.DD13. 01 D40G_01>8 - 21 -STO I P31T1 . . ...
0017 0 C2F1 22 LD 2 VTO15
flQjfftJ0 1884 23a SRT ft___________

0019 01 •O0OfOFF 24 STO L KEF14
.0018 _0.C2O. 2.5_ _1_Q _ 2 VT016.
0O0C 0 1884 26 SRT 4

.. 00A1X~ 90 35 _ 21.... 510 L KEFZ1-. ....... .. ..
O01F 0 CZEF 28 LD 2 VT017?
019 At D4000139 29 STO L WEF2

0022 0 C2•E 30 LB 2 VT018
.. _oo_0023 01 D4000141 3_ .. .. . STO L P3TZ.

00z5 0 CZED 32 LbD 2 VTO19
0026 0 1884 33 SRT 4
0027 061-6400136 34 W L- KE-F24 .
ooz9 0 czec 35 LI) .2 VTOZO
O02A 0 1884 36 SRT 4
0028 0. D400016B 37 sTo K KEF3_1____

002 OOES-----38 LB 2 VTO21
002E 01 0400016F 39 -TO L WEF3
0030 0 CZEA 40O 0 2 VT02
0031 01 D4000177 41 STO L P3T3
003-3 C2EQ 42 LO 2 VToZ3
0034 0 1884 43 SRT 4
0035 01 0400016E 44 ST L-. KEF34
0037 0 C208 45 LO 2 VT040
0038 0 1884 46 SRT 4
0039 01 •40001A1 47 STo L KEF4I
0038 0 C207 48 t1 2 Vo041
003C 01 D40001•5__ _49 STO L__WEF4_
003E 0 C206 .50 L0 2 VT042
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Table B-11. Honeywell Control Program (Continued)

17 JUL 74 ..--- PAGE 002

003F 01 040001AD 51 STO I P3T4
0041 0 C6205 52 L_0 2 VT04.
0042 0 1884 I5 $1T7
0043 01 •4001*A 54 SO L KEF44
0045 0 C2024 6LD 2 VT064&4
0046 0 1884 56 SRT 4
0047 01 D4000103 67 sTn L kTF11
00,9 0 C203 58 L0 2 VT0475
0052 0 1864 659 SRT 4
0045 01 04000104 60 STO 1. KTFI4
0030 0 C2D2 61 LO 2 VT04G
004E 0 18E4 62 SRI" 4

O04F 01 04000105 63 $TO L, KTF13
0051 0 6201 64 LO 2 V1047
0352 0 1884 75 SRT 4

0053 01 D4000106 66 STO L KTFTF

0055 0 C2DO 67 LD 2 VT048
0056 01 D400L07 68 STO L WTF1
0058 0 c2c 74 1:0 2 VT069
0059 0 1884 70 SRT 4
-OT-001 0•013C 76 S£o L KTF21 .. ..
005C 0 C12C 7 LD 2 VTo450
vMbr 4 F-- 'o4'uu 7 STO L W--K-T-F2

006A 0 C2C3 74 LD 2 VT061.

0061 01 D400013E 76 5TO L KTF23
0011 0 L2BE 7L 2 V T 066

2Oq.4 0 1884 78 SRT 4 4
0 I06-5- -- 0-- UT3"F 79 _ - TWrW-- l2 T4
0067 0 C2 80 20 1 s . 2 VT063-"''-'CU-T" 54b00 . -V 0 91 TO L WTF2

006A 0 CXo 82 LO 2 VTO64
•'• •I• •.•'•; •SRT' "•

007C 01 D4000172 W2 STO L VTF31

O06F 01 04000173 84 5TO L KTF32"0071 D0 C2BE 27L VT066

0012 0 1884 88 SRT 4

0075 0 C280 90 LO 2 VT067

0077 01 04000175 92 STO 1 KTF34
"00 -•D•-) EFW • ---- 2 -TO-8
007A 01 0,4000176 94 STO L WCTF3,
N X cJ (• • C 2n•r5... LD 2 VT069'. .. .. . ...... .
OCID 01. 04 000n1A8 96 STO L KTF41
W0117p 0 C W65 97 LD 2 VT"075
0090 01 O4()OOLA9 48 STO L KTF42

- 0 --"• --- - -- - - - -- 2- VT - - - . . . . . . . . ... .. . . . .. . . . . .

0043 0 1884 100 SRT 4
- 0064 01 0*4000 1AA' -..101 STO L KTF43

0086, 0 C2B.1 102 LD 2 VT077
" 0087 0 13884 " " 03 5R't 4
00118 01 040009.Ab 104 STO L i(Tt-44
O08A 0 C M8 10 5 .L T 7 . .. .. ...... ... . . . ... .. ....

COSS 01 D4uO,)IAC 106 STO L 4V'F4
0060 J.C400,0,O.)D 10 7 LD L =0

17



i ~Table B-11. Honeywell Control Progr'am (Continued)

... ..... . . ... .. . . . . . ..... ... . .. .. .. 17 JUL 74 PAG E 00 3

O08F 01. D40004AC 108 $TO L $WLAG
0091 Ot D4000287 109 $TO L TIME
0093 01 040001F0 110 STO L ISW
0095 Q0 1C2AE lit Lp 2 VT082
0096 01 D400010A 112 STO L TB1
.0)98 0 C2AO 113. LD. 2 VTO83
0099 01 04000143 114 STO L T82
,00918 0 (;.2A,_ 1.15 -- ff -2 VT084 . ...

009C; 01 D4000179 116 STO L TB3
009E 0 C2AE 117 LO 2 T8......
009F 01 D40001AF 118 SIG L T84

-- OAI 0 C2AA ... 119 LD 2 VT086 ...
!OOA2 01 D4000109 120 STG L PSTI

OOQA4 0 ý29 , 121 ._ LD 2L VTO87......
OOAS 01 D40001142 1.22 $TO L PST2
NOAT 0 CM& 1 ID 2 VTOSg

•,0A80 400.8 124. $TO L P5T3
.•..OOAA 0 C.2A7 12.5 LO D 2 .VTO829

•:OOAB 01 D40001AE 126 STO L P5T4*
.OOAO 127 MICK .EQUV I
•OOAD 0 C,21E 128 LD 2 VT157 HWS00200

-•OOAE 0 900F 129 S 8,250 •WW-S-02 1•0
SOGAF 01 ,4C3000Ci 130 8P TMAX HWS00220

""0081 0 COOD 1.31 L0 =IHW003

0020 08 132 STO NIN HWS00240<
0063 0 COOC 133 LO -128

S0064 0 0004, IA4 STO C1 HW-OO .O260
S00B5 0 COOT 135 LD =0 HS07

J•0• O3 136 STO C2 HWS00 ,28 -0
S0067 01 4CO00114 13T 8 L INIF HWS00290

"006OD9 0 0000 1.38 C1 Oc - HW SOO130
SOOBA 0 0000 139 cz DC MWv •109_

008, O 0B 0000 140 NIN DC -L-q HO0

141 LORQ
•"OOBC 0 0010 1462 + 0C 1

Og oo Q-__-o oo ,3_ + DC, 0
!OOBE " i03A 144 + DC 8250

OODF 0 0001 1.45 + DC I.
OOCO 0 0080 146 + Dc 128

___-._ -. C033 1.47 TMAX LP 01,6500 _ S0 0 _
00C2 0 921E 148 S Y T157T WS0910-

000.o 01 .,C30oocP 149 sp TINI HWUEUO
0 -'0c 5 0 C030 ISO LD -3 MWS00330-

OOC 6 000OF4 151 S TO N IN H•O_•
00(',7 0 COF5 1.52 LD NO HWS00350
oocS 0oe DOF s5TO c1 HWS00360

DOCA 0 DOEF 15i5 STO C2 HWS00380
0O80 -oT 4C- 0001 -- 1".-67 B L IN3F HWS00390
OOCD 0 C029 1 57 T |NI LO N 11550 . ............ HWSO. ._0.0_00

OOCF 0Of 4C•280008 1.59 RN TIN2 HWS00420

0OD2 0 A825 161 0 ,,3300 HW•O4
O 003 0 D085 162 STO C1 HWS004•50

S0004 0 C0EB 163 z1 •28

S~172



Table B-11. Honeywell Control Program (Continued)

17 JUL 74 PAGE 004

O006 0 DOE3 165 STO C2 "HWS00480
00D7 0 COET 166 LD =1 HWS004900008 0 DOE12 167 STO NIN HWS00500

0009 01 .4C0O0114 168 8 L INIF HWS00510
0008 0 C01D 169 TIN2 LD =14025 HWSOOS20
OOC 0 Q21E 170 S 2 VT157 HWSOO530
0000 01 4C2800E9 171 BN TIN3 HWS00540

OODF 0 1889 172 SRT 9
-OOEO- 0 -- A819 1-73 D -2475 HViSO0560
oQEl 0 0o07 174 STO Cl HWSOO570
oU -0-- ODD 175 LD =128
OOE3 0 90D5 176 S Cl HW0O05

0 0
-0-T- -- -177 STO C2 HWS00600

OOE5 0 C015 178 LO =2 HWS00610
6606 000D4 179 ST0 NIN HWS00620
00E7 01 4CO0014A 180 B L IN2F HWSO0630
oE9 0-- CooB 181 TIN3 LB =16500 HWS00640

OOEA 0 921E 182 S 2 VT157 HWS00650
00E8 0 1889 183 SRT 9
OQEC 0 ASOD 184 D =2475 HWS006 ro
OED 0 DOGC 185 STO Cl HWS00680
OOEE 0. COD 186 LD -128
OOEF 0 90C9 187 S Cl HWS00700

SOOFO 0 DOCQ9 188 STO. C? . HWS00710
OOF1 0 C004 189 LD 3 HWSO0720

' OOF2 0 DOC8 190 STO NIN HWS00730
0OF3 01 46000180 191 B L IN3F HWSO00740"-192 L ORG HWS00 750

OOFS 0 ' ;014 .193 + LC 16500
OOF6 0 0003 194 + DC 3
0OF7 0 201E 195 -.. .... .0£..... ... .550 -

OOF8 0 OCE4 196 + DC 3300
00F-9- 0 156C9, 197 + OC 14025
OOFA 0 09A8 198 + DC 2475
OOFb0 0002 199 + DC 2

200 L tQULIBRIUM FUEL FLOW 50 GAINS HWS00760
-- - -- OUW . - - 1 DC .

0FO 0 0000 202 KEF12 DC 0
-OOFE -0 -0000 203 KEF13 DC 0
OOFF fl 0000 204 KEF14 DC
0 O0Y00- 0000- z 05 WEF1 DC
0101 0 0A91 206 P3EI DC 2705

"20-" P5Ei DC.. 16........
208 * TEMPERATURE FUEL FLOW 50 GAINS HWSOO920

v 0103 0 0000 209 KTF11 DC
0104 0 0000 210 KTF12 DC
0105. .0000 211 KTF13 DC
0106 0 ODJO 212 KTKI4 DC
65TU-7-YUU6UU0 7T3 - bC
0108 0 0000 214 P3T1 DC
0109 0 0000 215 P511 DC
010A 0 0000 216 1el DC
0108 0 028A 217 WFMNI DC 650
SOIOC 0 0001 218 BUMPI DC I HWS00980
0O10 0 0000 219 SEtX ot 0 -H-WS00990
OIOE 0 0010 220 NGFT DC 16
OIOF 0 0000 221 CIlI DC *-HW SO 10 W

173
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Table B-il. Honeywell Control Program (Continued)

.1. JUL 74-----PAQ.E 005

611o n 0000 222 C2-1 DCHWSJ12

*0111 0 0000 223 TSTI OC *- - HWS010 4Q
0112 0000 224 SUMI aSS E 0
0112 0 0000 225 Dc . 0
0113 0 0000 226 DC 0
0114~ - 22 Z7 IMtLFj L±_______ .o wwcflnfl~
0114 01 C40ooo89 228 LO L Ci HWSOIO6G,
0116 0 DOF8 229 570 CII . JWS0lOTO
0117 01 C400008A 230 LU L C2 NWSO 1080
0119 0 DOFA 231 STO C21 -HWS0iO90
OlIA 01 C4000100 232 LU L SETX1 HhJSO 1100
Oil1kCG 0 00F4-, - 2 33. _ ___STQ --- T-TI.U t41 0I1J10.
0110 01 65800111 234 LUPi LOX 11 1511 H*1501120
011F 01 C5OOOOFC 235 LO Li KEFIl -. HW SO IA30
0121 a AOEO 236 M Cil HWS501140
0122 0 DREF 237 *STD SUMI _

0123 01 C5000135 238 LD Li KEF21LW017
0125 0 AOEA__ 239 M C21 - 1*150180
0126 0 88E8ý 240 AD sumi
0127 0 1887 241 SRT 7
0128 0 1090 242 SIT 16
0129 01 05000406 243 570 Li KEFNL H-WS0ljj -
0128 0 GOES 244 LO TST1 1*1501230
012C 01 _840001'0IG 245 A L BUMPi HWS012140

QIZ 0 OEZ 246 570 151 *101250

012F 01 9400010E 247 S L NGFI
0131 01 4C280110 248 BN LUPI HWS01270
0133 01 4COOOL8i 249 8 L PUELM HW U2 .-

250 H EUILIBRIUM FUEL FLW70 GAINS HWS01290

0136 0 0000 252 KEF21 DC 0 -

0137 0 0-000 253 KEF22 DC 0

0138 0 0000 254 KEF24 DC *
0139 0 0000 255 WEIF2 DC S

013A 0 1109 256 P3E2 DC 4361
0138_0 075 257 PSE2 DC 1891______________

258 * TEMPERATURE FUEL FLOW 70 GAINS HWS501450
013C 0 0000 259 KTF21 DC
0130 0 0000 260 KTF22 DC
013E 0 0000 261 .KTF23 DC
013F 0 0000 262 K1F24' DC
0140 0 0000 263 WTF2 DC _ _

0141 0 0000 264 P312 DC
0142 0 0000 265 P5T2 DC
0143 0 0000 266 1f82 DC SS

0144 0 0472 267 WFMN2 DC 1138

0148 0070HS14

0148 0 0000 272 DC 0
0149 0 000 23D 0
014A 274 IN2F EQU HWO15
014A 01 C4OOB 25 LO L Cl . - Hj16
014C 0 5108 C12sT WS17
0140 01 C400AI7 D L C2ZWOI8
014F 0 00F6 278 ETO C22 HWS0 1590
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Table B-11. Honeywell Control Program (Continued)

--. 1.7 JUL 74 .... PAG- .006o .

0150 01 Co00010D 279 LO L SETXI HWSO1600
0152 0 00F4 280 STO TST2 HWSO 1610
""0153 01 6580147 281 LUP2 LOX I1 TST2 HWS01620
0155 01 C5000135 282 L LO .... Li_ _KEF2
0157 0 AOED 283 M C12 HWSO1640
0158 0 OBEF 284 STD570 SUM2
0159 01 C5000168 285 10 LI KEF31 H"S0 1670
0156 0 AOEA 286 M c22 .......... HWSOI_6_S
015£ 0 SUsE 287 AD SUMZ
0150 0 1687 288 SRT 7
01-E 0 1090 289 SLT 16
015F 01 D5000406 290 STO LI KEFNI HWSO1720
0161 0 COES 291 L0 TST2 HWS01730
0162 01 8400010C 292 A L BUMPI HWSO11/40
0164 0 00E2 293 STO TST2 HNWSO1750
0165 01 94000101E- 294 .-. S L NGFT HWS01760
0167 01 4C280153 295 BN LUP2 HWS01770
0169 01 4CO001BI 296 B L FUELM HWS01780

297 * EQUILIBRIUM FUEL FLOW 85 GAINS HWS01790
-C66 0 0000 29$ KEF31 OC ---

oi-t 0 -6obo -24' -kEF3ZDC
(160 0 0000 300 KEF33 OC 0
Oi6f 0o 0 - - 301 -EP3-• t -. . '-.

016F 0 0000 302 WEF3 DC __-_

O IT~Oi l 01Wi 1n6 6161
0171 0 08C3 304 PSE3 DC 2243

305 * TEMPERATURE FUEl FLOW 85-GAINS .. HWSo1950
0172 0 0000 306 KTF31 DC
6173 00 "0- .---- KT-F-32-• ...C .. .. ..... .. .. ...
0174 0 0000 308 KF33 DC
0175 0 0000 309 KTF34 DC

76 310 WTF3 DC *-*
0177 0 0000 P313 CD . .
0178 0 0000 312 PST3 DC _,, _"019-0 0000 313 f83 O W--*

017A 0 0659 314 WFMN3 DC 1625
. 0 0000 315 C13 Dk; -I- : WSOz2010

017c 0 0000 316 C23 DC '-a HWS00 20-D10- U.--0--w . .TS- -. .- 04
017E 0000 318 SUM3 B5S E 0
0 17f 0- 0000 ~ 11
017F 0 0000 320 DC 0

.. 1'tUgO 321 IN3F EQUU A MWS2050
0180 01 C4000069 322 LD L C1 -. HW502060
0182 0 OF8 ....... 3-73 5TO "..C13 HWS02070
0183 01 C400008A 324 LU L C2 HWS02080
0115 0 DF6 i.2 '5 STO C23. .... . .HWS02090

- 0186 01 C400010D 326 L0 L SETXI HWS0210
U133 0 "00F4 3Z7 570 TSI3 Pwso211-
0189 01 65800170 328 LUP3 LUX II TST3 HWS02120
b-b 01- C.000161 -. 29- Lb Ll KEF3I- .. . .HWSO2130

p 0180 AOED 330- N C13 HWS02140
6, - 0 O-S . 33 . S-TO -S ---- . -----------------------------.

01SF 01 C0001A1 332 LD 11 KEF41 HWSO2170
0191 0 AOEA 333 N £23 HWSO02180
0192 0 8SES 334 AD SUM3
0193 0 e? 335 SRI 7

175
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Table B-11. Honeywell Control Program (Continued)

17 JUL 714 PAGE Q07

6144 b 0 o1090g 336 SLT 1i
0195 01 D5000406 3371 ST0 LI KEFNI HfOf
0197 0 COE5 338 L0 TST3 HWS02230
C198 01 84o0010C 339 -A L "MPj ............. . 81022
1Oi9 0 DOE2 340 STO TST3 HWS02250

05 r 01 94000 IE 341 S________ NGFT HWSO2l2O
0190 01 4C280189 342 BN LUP3 HWS02270
019F 01 4C0001B1 343 8 L FUELM 11W5,2280

344 * EQUILIBRIUM FUEL FLOW 100 GAINS HWS02290
OIAL 0 0000 345 KEF41 V.C
OIA2 0 0000 346 KEF42 DC 0

A.._• 0 0 __ 37.. KEF43 DC 0
OIAA 0 0000 348 KEF44 DC
OIA5 0 0000 349 wEF4 pi ,
01A6 0 277E 350 P3E4 DC 10110
-O.A 0 0F94 351. -5.E4. DC 3.9..8.

352 * TEMPERATURE FUEL FLOW 100 GAINS HWSO2450
-O-.Ai_.Q ..QQ .- 3,5_ KTF41 DC ,_-_

01A9 C 0000 i54 KTF42 DC
OIAA 0 0000 355 KTF43 DC
OLAS '0 60000 356 K1F44 D
O1AC .0 0000 357 WTF4 DC -.. . .. . . .-
OIAD 0 0000 358 P3T4 DC S-S
OIAE 0 0000 - -359 P,1T4 D_ _m_

OlAF 0 0000 360 T84 0C D-c

0180 0 OCB2 361. WFMN4 DC 3250 . .. .
0181 362 FUELK EQU *HWSO210
0181 363 FT4W EQU *

0181 0 C29A 364 LD 2 VTLO2 LOAD PBX100
OIB2 0 9032 365 S -5850
"o0153 0 4C3001C0 366 OP NEXT
0185 0 C030 367 L0 -1553
S0186 0 A030 368 6 =100

... 8 187 1 DCOOOIFZ 369 . S_ 5 TMPF
0189 0 C29A 370 LD 2 VT102
OlBA 0 A020 371 N *6
010 0I1O BO001F2 372 AD L TMPF
018D0 A828 373 D0 -- L 340..
01SF 01 640600F B 374 i! STO K L ITHO
OlCO 0 C29A 3 i .. Y.T ,hIQ .-? .. . . . . . . ..
01CI 0 A028 376 M =200

- Q2.t oLQ9DOLFt2,___. ___77 _ STO__ TJ flP-_ __PF -

OIC4 0 C026 378 Lo -15100
OIC5 0 A£21 . 379 • =100
Ol06 01 9CO00LF2 380 SD L TMPF
01C8 0 A820 381 0 =3400
01C9 01 D4&OOLFC 382 STO L TAU2T
1oC8 01 4C0001E3 383 8 L FT4WC
" "I C " 6-O 0 COLE - 8 34 N-XtX LO =2202
OkCE 0 AOI 385 N =100
OICF 01 DC000 F2 386 5109 L TMPF
0101 0 C29A 387 LO 2 VT102
O1D2 0 A0OA 3811 M =4
0103 01_8C0001F2 389 AD L 114FF
0105 0 A81 390 0 =4350
01D6 01 040001FB 391 STO L K1TH1
)1D8 0 C29A 392 L0 2 VTiO2
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Table B-il. Honeywell Control Program (Continued)

--. IT. JUL .74 PAGE 008

0109 0 A015 393 - =20
$701DA 01 O9_"0 $ ,I TIMP! .. ......

01DC 0 C013 395 LD =5520
01()0 0 A009 j96 a tQ ....

1O05 01 900001F2 397 50 L TMPF
OJEQ 0 A600 390 _ 0 Q _ --4-50
01E1 01 D40001FC 399 STO L TAU2T
0153 01 4AO00FE 400 FT4WC . L STPI

401 LORG

0156 0 161A 402 + DC 5850• 01b 0 0611 403 + .. .DC- 1553 ..

01E7 0 0064 404 + 0C 100
_T0158 0 0006 405 + O & 6

01E• 0 0048 406 + - DC 3400
O1EA 0 00C8 407 + . . zooS01EB 0 3AFC 408 + DC 15100

015C 0 089A 409 + DC 2202
01E0 0 0004 410 + . DC . * .... .. ... .. .

01EE 0 IOFE 411 + 0C 435C
01SF 0 0014 412 + DC 20S--•-0-•:0 - ---1 •0-..... .. -3ý ... 0; c 5520
01F2 0000 414 TMPF BSS E 0

01F2 0 0000 416 DC 0
01F3 0 .00004...... s c 0
01F4 0000 417 XT4 OSS E 0
01F4 0 0000 418 DC 0
01F5 0 0000 419 DC 0
01F6 -0000 __410 XT4D BSS E 0 ..
01F6 0 0000 420 Dc 0

01F7 0 0000 422 DC 0
01F8 0000 423 XT401 BSS F 0
01F8 0 0000 424 DC 0
o01F9-- .. 25- " DC 0
OIFA 0 0000 426 . T4WF DC .. S-.

' w (5-- bb ..... •zT - lHO"DC . ......

01FC 0 0000 428 TAL2T DC _-

01Fb0 0000U 429 W 0C 0
OIFE 01 C4000280 430 STPI LD L =1234

i2~~~Wr IIu-S& 1W
0201 01 4C18020E 432 BZ STP2

0204 01 C400008D 434 LD L =0 .........
0206 0 1890 435 SRT 16
0207 0 085 - 436 SID XT40

2 b8 0 DOEF 43 . SD XT401
0209 0 C29F 438 LD 2 VT097
02oz 0 1t39o 439 ¶P.i 16
020b 0 oDOE 440 ST0 XT4
020Cot 14CO00219 441 j L sTp-
0205 01 C4000080 442 STP2 LD L -0
"010 0 1640 " 443 SRI 16
0211 0 C29F 444 LD 2 V7097
oz2 'd i690 ........ 5 SRT 16
0213 0 98E0 446- So XT401f•}T•-"-i-3E- 44-T ...... b .... -- if•

"0215 C, AOD1 44R N 100
0216 0 ABES 449 0 TAU2T
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t I Table B-li. Honeywell Control Program (Continued)

02170*A069 -~ 450 U 10---

0219 0 ClOG 452 STP3 IDD 2(14D 5* UDTEDE *

0218 0 A866 454 D =50
021C 01 440002RF 455 N1 [ OT
021E 0 A864 456 D -40

A-WU Q_ 189 45 AT__ 16

02Z20 0 8803 458 AD 2(74
0221 0 0602 459 - STO 2(74 _

0222 0 0290 460 STO 2 VTOBO **0MS .SIGNIFICAN1 PART
0223 0 1090 461 SLT 16 OF XT4
0224 0 DZA6 462 570 2 VT090 LEAST SIGNIFICANT PART
0225 0 CSDO 463 1.00 XT4O)ýA6
0226 0 0601 464 5TD EflDl *4 ACLATE T4WF e
0227 0 _A859 ±k =1
0221 0 A003 466 N4 TAUZY

-0229 0 BOCA 467 AD XT4
022A 0 1090 4"8 SI.? 16
0225 0 DOCE - 469 570 T4WP
022£ 0 024£ 470 STO 2 VT203
0220 0 C209 471 1.0 2 VT039 _ _ _ -- $fSO
022E 0 9055 472 5 =64 HWSOZS30
022F L 214C00246 473 BNZ "M W _ _____. -. HlIS025AQ.
0231 0 0209 474 570 2 VT039

-~02 32 0 C 2OC 475 J. 2X~4 tSZM
0233 0 0055 47& 570 ENK
.0234 01-jQfl 477 AW A N .-.- .----- -- -

0236 0 £04E 478 1.0 so
970_9057 47?9 S 6 RK _____

0238 0 0051 480 SEMI. 510 ENKL

023A 0 1864 482 SRT 4
.Sl0 0055 4&-A ____ STO E8W

023C 01 4CI00240 486 SNN SEPL
023E 0 £046 485 1.0 =0 ____ _____

023F 0 9051 - -86 S EPA
0240 0 0051 ___487 SEPI. 570 EPKL _ _____

0241 0 C20A 488 LD 2 VT038 H 29
0242 01 04000293 489 570 1. 57K
0244 01 4C100249 490 OWN SETI.
0246 0 CQ3E 491 ____ LO =0 ________ ___

0247 01 94000293 492 S EY
02k9 01. D4000294 493 SETL SiTU L ETKL

0248494 MD9 EU *HWSC2610C
495 *.....................H WSO2620

- 496 *HWS0 2630
_____97___ _S__ 91

4q8 *HWS02650

-4"9. THIS SECTION Of- THE PROGRAM H~q0246
- - 500 * WILL SET UP THE MEASUREMENT FEED-SACK HWS02670

501 * VECTOR FOR THlE TNREE CONTROLLES fk$1J
502 * EOUI L IsPIUM, PRESSURE, TEMPERATURE HWS02690

504 *HWS02710
-50.5 H WS0O27ZO_

506~ CALCULATE DEIRTVATIVES FOR EN EP ET HW023



Table B-il. Honeywell Control Program (Continued)
17 JUL 14 PAGE 010

507 -- * -HWS02740

02 48 0 C201 508 ED 2VT12Z8 HWS02-750_________

024C 0 921t56 S, 2 VT157 HWSO2760
024D 01 C0003A 511 T ENOK HWSQ216.O.

02E61C003*41 510 LD LWSQZ7T
0250 0 _929A _ 512 S 2 VT102 __ __ ___

0251 0 003 51 M7 EPOK HWS02840
0252 01 C4000414 514 LO L TOON ***_CALCULATE ETDOT *
0254 0 90A5 315 S 14WF
0255 01 D4d0028C 516 STO L ETOK - -- N 026
025 7 0 CO2F - 517 L0 TIME-HS2900
0258 01A4C200295 516 - NZJ INTEG H_____ __ WS02910

025SC 0 0286 520 STC 2- VT074-
0250 0 C02A 521 LO ENOK HWS02920
025E 0 0024 522 STO ENOKi HWS02930_-
02SF 0 CO2A 523 LD EPDK - - WS02940
0260 0 002* 5P4 STO -. EPDK1 I_____ HWS02950

-a-62-6 f -rC-V- --2 - - K HWS02960
0262 0 D02A 526 510 rETOKi - HWS02970
0263T 0 C2DC 527 LD 2-0o06 N__ w502980-
0264 0 002A 528 510 ENK HWS02990
0265 01 4C100269 529 RUN -STFNL -

-0267 0 COlD 530 LD .
0g96r"w 9-02K 36---r
0269 0 0026 532 $TENL $70 ENKL%,
026A 0 c2DD 533 ibD 2ZVTO3?! H.. .- - - HW SO. 3010
0;68 0 1884 534 SR I _4
'626C 0 0024 535 STO EPK-----------
0260 01 4C100271 536 B__ N STEPL
026F 0 C~t !37- ED -

0210 0 '9020 538 S, EPK _----21 000---59 SPE$0 PL-

0272 0 CZD* 540 Lb 2 VTO38 HWS03OSO
o~flý o± &46661;93 570-4 St E9TK' '- --

-02X5 01 4C-0027A 542 ONN STETIL __ ___ ________

0216 01 94000293 544 5 1 ETK _

ozflVA6i 4000294 SA45 STEIL SI0D ETKE L-.--~.
021C 0 C009 546 1L0 U1 H4WS03080
o?20-0 0009 - !547 570O TIME -H- -- 0. - -0 kw-o3?
W~ IF 01 AC000295 548 8 L INIEG

0280 0 0402 550 0 c 1234
02810a 006* 551 + Dc 10
0262 0 0032 552 + DC 50
-0283 C 0028 -553 + 0c 40
0284 0 0040 554 + Dc 64

oza6 o ooo1 556 + Dc 1
415S7 *GENERATE EN EP ET HWS03120

020i 0 0000 !58 TIME DC 0
0208a0o00d 56§ ENOK D~C HWSO03140

* ~0289 0 0000 _ 560 1t40K1 DC 4- _____ __HW50310

--b21FA I&TO HO 5- WS0 3160
0298 0 0000 562 EPOKI OC HWS03170

Ot8c 'J 0000 563 ETUK Of, HWSO03180

17 9



Table B- 11. Honeywell Control Program (Continued)

17 JUL 74 PAGE 0."-

028D 00 564 Eýf DK -0-6 - -- --- DC MUS03190
02 8E 0 OOOF 565 DT Dc 1 5 HWS03200
028F 0 0000 566 ENK Dý MWS03210
0290 0 0000 567 -ERK L OC MALS0322.0----
0291 0 0000 568 EPK Oc HWS03230
0292 0 0000 569. -- EPKL DC HW50'4240

6-6600 570 ETK DC HWS03250
0294 0 0000 571 ETKL DC WW5032,60---

572 HWS03280
0295 573 INTEG EQU HAS03290

574 CALCULATE EN HWS03300
0295 0 COF2 575 L-D ENDK
0296 0 8OF2 ENDKI
0297 0 AOF6 577 M. . _ -- -Q:I- - -- . -- -,- - - -- -
0298 0 1083 578 SLT 3
0299 0 A84F 579. .0
029A 0 8Or4 580 A ENK HWS03400
02 9B 0 OOF3.- EW. HWS03JtIQ
029C 6 t ZC6- 5132 LD 2 VT074
0290 01 9400046A 583 S L ONE
029F 01 4CI802A3 584 Oz im I-
02AI 0 COE3 585 LD
02A2 0 DOEC 586 STO ENK

587 CALCULATE EP -.- HWSO Jýtý
588 CALCULATE ET HWS03510

02A3 01 C400028C 589. NMI LD L ETOK
02A5 01 84000280 590 A L EtOKI
02A7 01 A400028E 591 M L OT
02A9 0 1004 592- SLT 4---* - SCALE 0ACtOR 16
02 0 A83F 593 D -1500
02AS 0 60iT -5947-- A ETK
02AC 0 DOE6 595 STO ETK
02AD 0 C286 596 LD
02AE 01 94000460 597 s L TWO
0200 01 4CIB6284 08 BZ'
0282 0 C002 599 LD .0

U83 0 Dd&F- Idd- STE) EIK
601 LIMLTS ON EN EP ET HWS03600

0284 0 CODA 60i Nk LD EN'K
0285 01 4C 28OLIBE 603 ON MW1 .-.. H -W$03k2Q...
0287 0 9068 661ý ---- S ML HW503630
02 BQ 01 4CO802C5 605 BNP MW2
Oi6i 0- "CWS '60 6 LD ENKL HWS03650
02BO 0 D003 ..607 STO ENK HWW3660
02BC 01 4LOO02C5 66i 8 L Piiii HWS03670
02BE 609 MWI EQU HWS03680
02SE 0 CODO 610 LD ENK HW503690
028F 0 8000 61L A ENKL HWS03700
02co 01 MW2 HWS03710
02C2 0 COC2 613 LD 00 HWS03720
02C3 0 90CC 614 S ENKL HWS03730
02C4 0 DOCA 615 STO ENK HWS03740
OC5 616 MW2 EQU HWS03750
02C5 0 COCO 617 LD EPK HWS03760
02C6 01 4C2802CF 618 HWS03770
02ce 0 90C 9 619 S EPKL HWS03780
02C9 01 4COG0.206 620 BNP MW4 HWS03790
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Table B-11. Honeywell Control Program (Continued)

1" 4UL 74 PAGE 012

02C8 0 COC6 621 - LD . EPKL .. SO300"
(_c _ 0 00c4 . 622 STO EPK HW WS03810

02CD 01 4'O00206 623 B L MW4 MWS03820
6 oQ . 424 _NW3 EQJU * HWS03830

02CF 0 COCI 625 L0 EPK WSO03840
02D0 0 . ii..... ..... JMvSl0201 01 4C300206 627 sP NW4 HWS03860
0203 0 C081 628 LD =0 HWS03870
0204 0 9080 629 S EPKL wl.S03880
0205 0 OOBB 630 STO EPK HWS03890
0206 631 'EQU H "WS03900
0206 0 COB 632 LD ETK NWS0391_0
02D7 01 4C2802E0 633 BN MW5N HWS03920
0209 0 90BA 634 S ETKL HWS03930
02DA 01 4CO802BE 635 BNP MW6 HWS03940
02CC 0 C0O87 636 LD ETKL HNWS03950
0200 0 0085 637 STO ETK HWS03960
02DE 01 4000002EB 638 B L MW6 HWS03970
02EO 639 NWS EOU $ HWS03980
0250 0 C082 640 L0 ETK HWS03990
02E1 0 8082 641 A ETKL HWS64000
02E2 01 403002EB 642 BP MW6 HWS04010
02E4 0 COAO 643 LD =0 HW SO4020
02E5 0 90AE 644 S ETKL... HWS040 30
0256 0 OOAC 645 STO ETK HWS040 40
"02E7 01 4CO002E0 646 B L MW6 HWS0AO 50
-_ 647 LORG HWS04060

0259 0 0177 648 + DC 375

.02EA 0 050': 649 + DC 1500
650 * AGE DERIVATIVES ... .. .. HWS _04070

5GUS 651 6 Eo'J * NWSO'080
02 ES 01 C4000288 652 LD L ENOK HWS04090
025E0 061 0 D4-000W 6-53 STO L ENO0KI H . 11104100
02EF 01 C400028A 654 L0 L EPDK HWSO04IO
OF 1' 01 0 Do4000288 655 5T0 L EPOKI HWSO41,20
02F3 01 C400028C 656 L0 L ETOK HWS004130
0-2F5V 01 04000280 6T ......... I3T0 ET-KT .. 01,4

658 * HWS04150
...... ... 65) " INTIdER0OLATE FOa PT3 AND PT5 kWS104160

660 • AS A FUNCTION OF PLA HWS04170
-2F7 661 PLA EQU .
02F7 0 C066 662 LO NP. I HW. S 1111.04180
02FO 0 9201 663 S NW SO &TI2 190
02F9 01 4C 280309 664 1N NOW1 HWS04200
02FOB 01 C4000101 665 L0 L P3E1 HWS04210
02FD 01 04000400 666 STO L P3PL .HWS04220
02FF 01 OC400102 667 L0 L P5EI HWS104230
0301 01 D400040C 668 STO L P5PL HWS04240

O--i O!Y 0C400100- 69 1 SO 4-2 5 WEt ... 0-
0305 01 0400040A 670 STO L WEFN HWS04260
0307 01 4C0003A7 671 B L 0DW6 HW104270
0309 0 C057 672 MDW1 LD NPL4 HWS104280
030A 0 9201 673 S 2 vT128 HWS04290
0308 01 4C300318 674 OP M0W2 HWS04300
610300 01 C40001A6 675 LO LP'4 NW H$4S-3 10
030F 01 04000408 676 511) L P3PL HWS104320
0311 01 C40001A7 677 L0 L P5EA HW011t0330
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Table B-11. Honeywell Control Program (Continued)
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0313 01 0400040C 678 STO L PSPL HWS04340
__.35 101CA9QD167 I LD L ME1F4 _____ f.KS.435 "

0317 01 0400040A 680 510 L MEFM HWS04360
~~~0__]_ 0H400A1MB __- 1S04370

0318 01 C400035F 682 MDW2 LD L NPL2 HWS04380
0310 0 9201 683 s 2 VT12R mWs-nf33-
031E 01 4C280331 684 ON NDW3 HWO04400
0320 0 1889 685 SRT 9

00321 ASiA 686 0 -3300 HWS04420
0322 0 D03F 687 STO CXl __-.-

0323 0 C019 688 LO -128
0324 0 •9030 689 S CXI .HWSO44-
0325 0 0030 690 STO CX2 HWS0 4460
0326 01 C4000101 691 LO "4 P3E1 J[S f
0328 0 D038 692 STO P3L HWS04480
0329 01 C400013A 693 Lb L P312 HWI04490
0328 0 0039 694 50 P3M HWS04500

- 032C 01 C4000102 695 L0 L P5E1 HWS04510
032E 0 0037 696 STO P5L HWS04520
032F 01 C4000138 697 L0 L P512 HWSO45 .__
0331 0 0035 698 STO PS5 HWSD4540
0332 01 C4000100 699 LD L WEft HIUO45Q
0334 01 04000368 700 STO L MEFL WSD04560
0336 01 £4000139 701 LD L SEF2 1MUSCA4570

0338 01 04000369 702 ST0 L WEFK HWS04580
033A 02 4CO00388 703 a L MOWS HW.•O459..

704 LSORG 4W504600

_-• iP33C 0 !X Ef 705 + DC 3300 . .........
0330 0 0080 706 + DC 128
0336 0 £021 707 MDW3 LD NPL3 HWS04610
033F 0 9201 708 S 2 VY128 HWS04620
0340 01 4C28036& 709 AN MN04 HWSS4630_
0342 0 1889 710 SRT 9
"0343 0 A862 711 0 -2475 11WS046.50
0344 0 0010 712 STO cXI MWS504660
0345 0 COF? 713 L0 s120
0346 0 9018 714 5 CXl HW1504680
0347 0 D18 715 STO CX2 HW504690
0348 01 C400013A 716 L0 L P3E2 14SD4700
034A 0 0019 717 STO P3L HWS04710
0348 01 C4000176 718 LD L P3E3 14SD04720

* 0340 0 0017 719 STO P3K HW504730
0341 01 C4000138 720 LD L P5E2 HWSD4740

S0350 0 0015 721 ST0 PSL HWS04750
0351 01 C4000171 722 L0 L P5E3 HW504760
0353 0 0013 7?3 STO PS5 HWS04770
0354 01 C4000139 724 LD L WEF2 HWSD4780
0356 01 04000368 725 STO L WEFL HW504790
0358 01 C400016F 726 LD L WEF3 HWS04800
035A 01 D4000369 727 5T0 L WEFM H1504810
035C 01 4CO00388 728 5 L MW5 S HW504820
035E 0 20_44 729 NPLI DC 8250 jW!J48§30
03SF 0 201E 730 NPL2 DC 11550 HWS04840
0360 0 36K9 731 NPL3 DC 14Qý5 HW504850
0361 0 4074 732 NPL4 DC 16500 HWS04860
U362 0 0000 133 CX1 DC S-S 41404870
0 363 0 0000 734 CX2 DC - 141HWS04880
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Table B-ll. Honeywell Control Program (Continued)
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0364 0 0000 735 P3L DC S-S HWS04890
0365 0 0000 736 P3W DC M--_ ?WS04900
0366 0 0000 737 P5L DC S-S HWS04910_.0_367_ 0.o 0000p. ... 738 P5W Dc *-* .......... HWSO49ZO
0368 0 0000 739 WEFL DC *-* HWS0494O
0369 0 0000 740 WEFM DC H-S . .. WS04950
036A 0000 741 SUNX 8SS E 0
036A 0 0000 742 DC 0
0368 0 oo00 743 oc 0

- 03_C 0 COF4 744 M0W4 LD NPL4 H S104960 _
0360 0 9201 745 S 2 VT128 HWS04970
036E 0 1889 746 SRT 9 !
036F 0 A836 74,7 D =2475 HWS04990
0370 a DO1 748 STO CxI HWS.. 05000
0371 0 COCB 749 I0 =128
0372 0 90FF 7�0 S Cxl . HWS05020
0373 0 DOEF 751 STO CXZ HWSO5030
0374 01 C4000170 752 LO L P3E3 HWSO50 40
0376 0 DOED 753 STO P3L HWSO 50 50
0377 01 C40001A6 754 L- 1 . P3E4 HNSG.5060
03179 0 600-ES8- .... 75.5 -T-- P3 . . .. . . . -H-S--50'"1..70
037A 01 C4000171 756 LD L PSE3 HWS05080
O37t- 0 " DbC9 -_ "757"- .S.TO -P5L ......... .... HWS0 5090
0370 C01 C40001A7 758 L0 L P5E4 HWSOSiO0
037F 0 COE7 759 -TO P5M HWSO511O
0380 01 C400016F 760 L0 L WEF3 HWS05120
0382 01 D400068f 761 STO L- KLi .. osi030
0384 01 C40001A5 762 LO L WEF4 HWS051,_0
0366 01 04000369 - 763 STO L EFM HWS05150o
0388 0 CODS 764 MOW5 LO P3L HWSO05160
0389 0 £008 7'65 M CxI H-S05170
038& 0 DOSF 766 STD SI''x I
"b 3aE 0 C7079 767 WSW I* H4Sp200- .... 0
038C 0 A006 768 M CX2 . HWSO_52.10.

66D SUMX i
038E 0 1887 770 SRT 7
03SF 0 1090 771 SLT 16
0390 0 D07A 772 STO P3P HW" '5250-039-Y-0C bbW+........ -- 1•-..... 0 -PSL HW5isS2b0
0392 0 AOCF 774 M CxI HWS405270
0393 " '0 7706 . .S0 " U- - x.
0394 0 COOZ 776 LD P59 HWSO05300
-07T1WCgU7-- 9"4" CxT2 -2HS505310

0396 0 8803 778 -A£ St;M-
0397 0 1887 ?9 SIT 7 . ......... 53.0
0398 0 1090 780 SLT 16
0399 0 0072 781 STO P5P. HWS05350
039A 01 C4000368 782 L L WEFL HS505360
039C 0 AO5 183 M c;,X-- HWS05370

0390 0 D9CC 784 STD 1U6x0301 (6 -COCA .... 85.0 WEumI HWS0-O0O
039F 0 AOC3 786 M CX2 HWS05410
oIA0 0 -- sacq.9 787 AD Su~x ..
03AI 0 1887 788 5RT 7
03A2 0 1090 789 SLT 16....... .

03A3 0 0066 790 STO WEFN HWS205450
03A4 01 4C0003A7 791 B L PM06 HWSO$O60
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Table B-i1. Honeywell Control Program (Continued)

17 JUL 14t PAGE 015

792 LORG HWS05470
03A6 0 09AB 793 + DC 2475
03A7 794 M4DW6 EOU * HWSo5•1o
03A7 01 C400040C 795 Lo L.. PiPL .MWl5520_
0349 0 0223 796 STO 2 VT162 HWS05530
O3AA Ol._ý,4 0040B 797 LO L P3PL HWSO 5540
03AC 0 0224 798 ST0 2 VT1S3 HWS05550
03A0 01 C400028F 799 L0 L. ENWK HWS05560
03AF 0 0225 800 STEP 2 V1164 HWS05570
0380 01 C400040A 801 LD..- L WEFN .. .. . . ... .S0
0382 0 0226 802 STO 2 V1165 HWS05590
0383 01 C490k0Q49. 80_3 LD L KEFNI NWSO8600
0385 0 D227 804 STO 2 vT166 HWS05610
0386 01 C4000407 805. . . LQ --.......L AFNZ .. HUSO56ZO
0388 0 0228 806 STO 2 vT167 HW505630
0389 QI C4000411 807 LO L WTFN.
03B8 0 0229 808 STO 2 VT168 HWS05650
038£ 01 £40.00409 809 _ LQ. L. KEFM4 NW_05660

03BE 0 022A 810 STO 2 VT169 HWS05670
03SF 01 C4000413 811 LP. _ P5NB ..
03C1 0 022B 812 STO 2 '11T10- HWS05690
03C2 01 £4000412 813 LO 1, P3TNB
03C4 0 D22C 814 STo 2 vTI71 HWS05710
03CS 01.r4000.293 815__ IDJ- tTK L__ E______- K
0 3C?7 0 0220 816 3TO 2 VT172 HW505730
03CR 01 £4000400 817 LD L KTFNI
03CA 0 022E 818 s5o 2 VT173 HWS-5750
03CB 01 C400040E 819 LD L KTFN_2
03CD 0 022F 820 SIC 2 VT"174 HWS05770
03CE 01 C400040F 821 LD L KTFN3
0300 0 0230 822 ST0 2 VT1?5 HW$105790
0301 01 C4000410 823 LO. L .KTFN4
03D3 0 0231 824 sto 2 V11176 HWso580
0304 01 C4000414 825 LO L TBBN
0306 0 0248 826 STO 2 VT202

827 " _WjQ 80
828 * CALCULATE X-XO FOR EQUILIBRIUM PRESSURE 1wSO5490
829 * . .HWS0 5500

0307 830 MEPT EQU *
0307 0 C£IE 831 LD 2 VT157 HWS0o."20
0308 0 9201 832 S 2 V91128 HWS05830
0309 0 D024 833 50. ............-- - 10 58MH OS,40
03DA 0 D245 834 ST0 2 vT196
03DB 0 C294 835 LO 2 VT9108 HW505850
03DC 01 9400040C 836 S L PSPL HWSS0880
03DE 0 DOZO 837 STO M42 HWS05890
03DF 0 D246 838 STo 2 V91197

-0360O 0 £29A 839 10 2 911102 HWS11405900

0o10 o 4000 840e , 1T PE3L HWSO 593

03E4 0 0247 842 STO 2 3T098

03E5 01 C400028F 843 L1 L ENK HWS05950
03E7 0 D019 844 Sin ME64 HWS005960

845.- .. ,. HWS05970
03E8 0 C294 846- LO .. 2 VT1108
03E9 01 94000413 847 S L PSTNO
03EB 01 01000402 8'-8 S it1 L 9T1
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"Table B-11. Honeywell Control Program (Centinued)
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03ED 0 C29A 849 LD 2 VTL02
So9L 94900L_05_ . S-.....- ... -k.........

03FO 01 D4000403 851 STO L MT2
052- ._S.T_. 2 VT199 .

03F3 01 C40001FA 853 LO I T4WF
03,F5 01 94000414 854 S L TBBN
03F7 0 D0OC 855 STO MT3
03FO 0 0249 856 STO 2 VT200
03F9 01 C4000293 857 L6" " C...0- ETK
03FB 0 D009 858 ST0 MT4
03FC 01 4C000417 859. W..... L FREQE ................. HWS06100
03FE 0 0000 860 MEL DC _- _ HWS06110
0 FF 0O000 861 ME D DC HWS06120
0400 0 0000 862 ME3 DC HWS06130
0401 0 0000 863 ME4 0. HWS 06140
0402 0 0000 864 MTU DC
0403 0 0000 86-• MT2 DC
0404 0 0000 86b MT3 _ DC
0405 0 0000 867 MT4 DC-
0406 0 0000 868 KEFN1 DC - .. HWS06190
0407 0 0000 869 KEFN2 0C HW506200
0408 0 _ )000 870 KEFN3 DC HWS0621O
0d4090O UOO0 871 KEFN4 DC HWS06220
040A 0 0000 872 WEFN DC -H- Q_
0408 0 0000 873 P3PL DC HWS06240
040 OC 0 0001 874 P5PL DC HWS06250
0400 O 0000 875 KTFNI DC D-CZ
040E 0 0000 876 KTFN2 DC
04F 0 0-0 877--KTFN3 DC
0410 0 OOQO 878 KTFN4 DC _-_

0411 0 0000 879 WTFN DC HWS06330
0412 0 0000 880 P3TN8 DC"- -- • • - -(• ( .... .. 1 1, . .. P TNB 0C * • . ... ....

0414 0 0000 882 TibBN DC HWS06370
- -•-i --w-- ...... ( .... VFMNN DC

0416 0 0000 884 .UMEF DC - HWS06380
885 li -H"-0-63 -90"
886 * AT THIS POINT THE FUEL FLOW REQUEST IS HWS06400

COWiPUTtD FOk T HE T4NRE-F-CON•OLLER S . HWASO64O-
888 % 1IE EQUIL.IBRIUM,PRESSUREAND TEMPERATURE HWS06420

890 * WILL BE USED HWS06440
0417 891 PRQE EQU * HWSO6450
0417 01 C4000406 892 LD L KEFNI HWS06460
0;41970 AOE4 893 M MEL HWS06470
041A' 0 1087 894 SLT 7
0418 0 D24A 895 STO 2 VT201- -
041C 0 DOF9 896 STO SUMEF HWS06490
0410 01 C4000407 897 LD LKEFN2 HWS06500
041F 0 AOD. 898 M ME2 HWS06510
0420 .0 -- AP 9 =109 D...00
0421 0 1.489 900 SiT 9
0022 0 8.:3 901 A SUMEF . HW506530
0423 0 DOF2 902 STO SUMEF HWS06540
0424 01 C4000408 903 1.0 L KEFN3 HWS6550
0426 0 AOD9 904 M ME3 HWS J6560
0,-42 0 A811 905 0 =1t0
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Table B-li1. Honeywell Control Program (Continued)
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0428 0 1889 906 SRT 9
0429 Q0. .0-EC 997 A _. ..UM ... HWS0658J.
042A 0 DOER 908 STO SUMEF HWS06590
q428 01 £4000409 .. 909 L0 L KEFN4 HWS06600
0420 0 AOD3 910 4 ME4 HWS06610
DZLL n . 084 911 -&LT &
042F 0 D240 912 STO 2 VTZ04

".-04f3l- . .0...... - f ... A - - _UMEF .. .. HWSO 6630
0431 0 00E4 914 TO SUMEF HWS06650
6__4_372 01 O-__0_4___400.A.••5 _ -.Al S I.._.EP_ ..- H-tiWk60_.I
0434 0 1882 916 SRT 2
""35 0 8050 917 A . SUMEF HwSO6700
0436 0 DOOF 918 STV SUMEF HWS06720
0437 01 4C000438 919 8 L FR1QP. ....--------------- . HIw$06770

920 L0RG HWS06780
S04390 0064 921 + DC 1.O0

043A 0 0000 922 SUMPF 0£HW S 06790
0438 923 FREOP EOU * HWS06800
0438 0 C003 924 LO A32700 HNS07160
043C 0 DOFo 925 STO SUMPF HWSnZiU
043D 14004 2 RO HWAO7170

927 LORG ',S07130
043F 0 TFBC 928 + DC 32700
0440 0 0000 929 SUMTF DC *-*S0714.

0441 930 FREON EQU * HWS07150
9441 OiIC.400940D 931 ---_L4JFM1 ....
0443 01 A4000402 932 M L NTI
.5• AJ•_.. -----..... - ----- J2 _ 0 ... -

0446 0 1889 934 SRT 9
_04,47 0 DOF8 935 STO SUMTF
0448 01 C400040E 936 LD L KIFN2
044A 01 A4000403 937 N .. T2 ....... . . ..-
044C 0 AME 938 0 ,100
044D 0 1889 939 SRT 9
044E 0 024E 940 STO 2 VT205
044F 0 SOFO 941 A SUMTF
0450 0 00SF 942 STO SUMTF
0451 til C400040F 943 LD L KTFN3

-043--601 k4000404 944 M L NT3
0455 0 A813 945 0 "10

S0456 0 1889 946 SRT 9
0457 0 D24F 947 S10 2 VT206
0458 0 80E7 94" 8 A SUMTF
0459 0 DOE6 949 STO SUMTF
045A 01 C4000410 950 L L KTFN4
045 01 A4000405 951 M L MT4
045E 0 1083 952 SLT 3
04SF 0 D250 953 1TO 2 VT207
0460 0 SO0F 954 A SUMTF
0461 0 0o0E 955 STO SUMIF
0462 01 C4000411 956 L L WTFN
0464 0 1882 951 SRI 2
0465 0 SODA 9558 A SUMtF. . . . . . . .

0466 0 D000 _ _959 STo SUkMTF
0467 01 4C00046E 960 8 L MDSWT HWSO718O

- --- -- 961 L0RG......H.. .. . .. S907190

0469 0 OOOA 962 + DC 10
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Table B-11. HoneyweA Contrcl Program (Continued)
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046A 0 o0¢.tc 963 W S7- . 3276 .. .. 200
04*68 0 ;998 964 TWh DC _ 6552 HWSO721.O
046C 0 2664 965 THREE DC 982$ HWS07220
046) 0 0000 966 WFNOD DC HWSO'ti? 30
046E 967 MOSWT EQU * HWSO77-
046E 01_C4000416 968 _LD L SUMEF HWS;
0410 0 DB9 969 STO 2 V!,T0t HWSO72b,)
0471 01 C400043A 970 LO L SUMPF HW307270
0473 0 D288 971 STO 2 VT07Z HWSO7280
0474 01 C400044U 912 LD L SUMTF HWS077290
0476 0 0237 973 ST0 2 VT073 HWSO01300
0471 0 8288 974 CMP 2 VT072 . . . HWSO 7310
04io0 Ct28 975 ID 2 VTO"+2 HWS07320
0479 0 1000 976 NOP HWSO 7330
047A 0 DOFZ 977 TO WFMOD HW5O 7340
0478 0 B289 978 CMP 2 VT071 HWS07350
047C 0 C2B9 979 10 2 VT"071 .. ... HWS07360
0470 0 1000 980 NOP HWSD t370
064E 0-023 5981-.- . .- 2 9T180 HWS0D7380
0,78F 01 4C28048A 982 BN MINFL
0481 01 A4000505 983 M L =13 HWS06990
0483 0 1090 984 SIT 16 HWS07000
0484 0 0235 985 STO 2 V1180 .
0485 0 CZ35 986 LD 2 VTISO
0486-01 4-6000415 -987 I L WFMNN
0488 01 4C10048D 988 BNN MINSS
048A 01 C4000415 989 MINFL LD L WFMNN -

048C 0 0235 990 STO 2 VT180
64-8 99i MINSSEbU ..
0480 0 C235 992 LD 2 VTIO HWS07390
048-E 0 1890 993 SRT 16
048F 0 A875 994 0 -13
0496 0 9289 995 . Y VT 7 ................ WS400
0491 01 4C200497 996 BNZ MIKE1 HWS07410
04930 COD6 997 D0 ONE . HW€574i0
0494 0 0286 998 STO 2 VT074 HWS_07430

-"-4 -- 4c0-0n--q- - HWR0 7440
0497 0 C233 :000 MIKE1 L 2 VT180 HWS074.50
04.98 0 IL0• . .. . -.T ... 160- . . ..... .. ... . . .
0499 0 A868 100D 0 =13
O49A 0 9287 . 603 S 2 VT073' ------ -HWso-74o

0498 01 4C2004A1 1004 SNZ MIKE2 HW597470
"6494-0f Y "-CD I0OUT W_ --- TwO 81WSO 77480
049E 0 D286 1006 STO 2 VTo74 84HW507490
04C9F 01 4C0004A0 1007 a L 8QAIB .HWS07500
04A1 0 COCA 1008 MIKE2 L0 THREE .HW507510
04A2 0 D286 1009 TO 2 VTO74 1HWS07520
046A3 01 4C00046A0 1010 8 L RQAIS HWS07530

04A6 0 O01F 1012 KiNUM DC 31
04A7 0 0009 1013 K2NUM DC 9
04A8 0 0000 1014 YNM1 DC
04A9 0 0000 1015 UNMI DC ' -

04AA 0000 1016 TEMF BSS E 0
04AA 0 0000 1017 DC 0
nCAR 0 0000 1018 DC 0

04AC 0 0000 1019 SWLAG DC
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Table B-11. Honeywell Control Program (Continued)
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04AD 1020 RQAIB EQU * HWSO540
04AD 01 C40004AC 1021 10 L SWLAGG ...........
O4AF 01 4C20048C 1022 BNZ FILT
0481 01 C40.00506 1023 .... LD - -1.3 .-.-
0463 01 D40004AC 1024 STO L SWLAG
O4ýt5 -0--C? J925 L&Af8 -- ______ 2____________
0466 01 D40004A8 1026 STO L YNMI
0488 01 040004A9 1027 STO L UNMI . ..
048A 01 4C.00406 1028 B L OONOZ
04BC 01i40004A9 1029_ . FILT  LO L UN1 . ..
04BE 01 A40004A7 1030 M L K2NUM
04C0 01_DOQ_004AA 1031 STD I TEMF
04C2 0 C235 1032 1.D 2 VTIBO
0403 01 D4OQQ4-A9 1033 ._S.TO. L- UNMI . . ..
04Q• 01 A40004A7 1034 M L K2NUM
04C701 8CO004AA 1035 _. AD L TEMF
04C.9 01 DCOOO4AA 1036 STO L TEMF
04CB 01 C40004A8 1037 L0 L_ YNMI_. .
ODA.CD 01 A40004A6 103S M L KINUM
04CF 01 BCO0004AA '_1039 AD 1. TEMF .. . .......... .... . .............
0401 01 ACOOO4A5 1040 D L KLAGD
0403 01 040004A8 1041 STO L_ YNM1 ..
0405 0 0235 )042 STO 2 VTIlO
0406 .. )43 DONOZEQU "
0406 0 C2B6 104 4 LO 2 VT074
04D7 01 9400046A 1045 5 L ONE
0409 01 4C2004EO 1046 BNZ GTIO
0408 0 C201 10417 L 2 VT128
04DC 01 04000507 1048 STO L NA8 .... .......

04DE 01 4•0O04E3 1049 B L CALAS
O64EO 0 C21E 1050 GTIO L0 2 VT157
04EI 01 04000507 1051 -. . STO L NA8
04E3 01 C4000507 1052 CALAS LD L NAB
04E5 01 940000F9 1053 S A ,u14025. .
04E7 01 4C1004E0 1054 BNN GTil----.......
04E9 0 C20DE 1055 LO 2 VT034 _______________

C4EA 0 D2AF 1056 STO 2 VTO81
04E8 01 4CO00509.105? 8 _L CONT_ _

04ED 01 940000FA" 1058 GTIl S L 42475
O4EF 01 4C2804F5 1059 BN GT1I2
04F1 0 C200 . 160 LO 2 VT035
04F2 0D2AF ___1061 410 2 VTOet
04, 3 01 4C000509 1062 8 L CONT
04F5 0 C2DE - 1063 GT12 LU 2 VT034 .
04F6 0 9200 1064 S 2 VT035
04F7 01 D4000508 1065 STO L ANOZN
04F9 01 C40000F5 1066 L0 I =16500
04FB 01 94000507 1067 5 L NAB
O4FD 01 A4000508 1068 M L ANOZN
04FF 01 ACOOOOFA 1069 D L =2"75
0501 0 8200 1070 A 2 VT035
0502 0 02AF 1071 STO 2 VTO81
0503 01 4C000509 1072 8 L CONT

1073 LORG
0505 0 0000 1074 o DC 13
c506 0 0078 1075 + OC 123
OS0O 0 0000 1016 NA8 DC
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Table B-11. Honeywell Control Program (Continued)

17 JUL 74 PAGE 020

0508 0 0000 1077 ANOZN DC
50_9 1078 CONT ECU HW WS07700

0509 O0 65000000 i079 XR1 LDX LI *-# HWS07710
--. Q_..L9v.9,C00 QO9 400 •SC I HWECT HWSO 7720

FFB9 1081 VT071 ECU -71 HWSO7730
F6'68 -1082-. VTU7Z_-EQU -72HW-SO 7.40O-FFB7 1083 VT073 EQU -73 HWS07750
FF86 1084 V TO 7,* EQU -74 HWS07760
FFAF 1085 VTO81 Eru -81 HWS07770
FFAE 1096 VTO82 EQU -82 HWS0 7780
FFAD 0807 VT083 EQU -83 HWS07790
OO1E LoSS VTI57 EOU +30 HWS07•0o _

0035 1089 VT180 EQU - +53 -HWS78.O

O00I01__ 1090 VT128 ECU +1 HWS0O78T
FFg9A 1.04T VT10T? ECU -102 HWS078:0
FF94 1092 VTIOS EQU -108 HSW0 7840
FF9F 1093 VT097 ECU -97 HWS07S50
FF, ... 1094 VT036 EQLC -36 .HW07860
FF08 1095 VT037 EQU -37 HW,078"'
FFDA 1096 VT038 ECU -38 HWS07880
FF09 1097 VT039 ECU -39 HWS07890
0023 1098 VT162 ECU +35 HYS0 7900
0024 1099 V1163 EQU +36 HWS07910
0025 1100 VT164 EQU +37 H W.S.0 79ZO

___ __ _1 _7__ _ 1 .-~. 
H-- . - -0026 1101 VT165 EQU +38 HWS07930

0027 ... . 1102 VT166 EQU +39 IIWSO 7940
0028 1103 VT167 ECU +40 HWSO 7950
0029 1±.04 VT168 ECU +41 HWSO7960
OOZA 1105 VT169 EQU +42 HW$07970
0028 1106 VT17O r.QU +43 ............ ... W 780__
002C 1107 VT0I71 EQU +44 HWS0 7990
002D 1108 VT17" ECU +45 HWSO8000

..0-02- 1109 VT173 ECU +46 HWSOBO1O
002F 1110 VT174 EQU +47 HWS08020

'.-o0s- 1111. VT175 EQU +48 HWS08030
0031 1112 VT176 EQU +49 HWS08040
-- WF T V--- VT2 6F-l U . 79 ..... ......... ..
0050 1114 VT207 EQU +80

..- O-0-5-- -111-5 VTI96 ECU +69 "
0046 1116 VT197 EQU +70
G 01117 VT198 ECU +71
0048 1118 VTI99 EQU ÷72

004A 1120 VT201 EQU +74
004B 11.fl VTOZ2 ECU +75
034C 1122 VT203 ECU +76
0040 1123 VT204 EQU +77
004E 1124 VT205 EQU +78
FFF4 1125 VT--2 ECU ... 2
FFF3 1126 VTO13 EOU -13
FFF2 1127 VTO14 EQU -14
FFFI 1128 VTO15 ECU -15
FFPO '1129 VT016 EQU -16
FFEF 1130 VIO17 ECU -17
FFEE 1131 uT0lS E6U -18
FF30:D 11312 VTOI9 EQU -19
FFLC 1133 VTOZO ECU -20
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Table B-li. loneywell Control Program (Concluded)

L7JUL 74 PAGE 021

FFE8 1134 VT021 EQU -21
FFEA 1135 VTO22 EQU -22
FFE9 1136 VTO23 EQU -23
FF08 1137 VTO40 E;U -40
FFD7 1138 VT04I EQU -41

FE3-1 19 V7n42 FOII -42
FF05 1140 VT043 EQU -43
_EEU. 1141 .V.0 iV•4-gU -44"FFD3 1142 VT045 ECU -45

-- M.114V VN.ý46-.EQU -4 -

FFD1 1144 V7047 EQU -47
1 &FFD 145 . t EQUA ---

F FFCF 1146 VT049 EQU -49-• .. ... .. . ... Il 7 ..__1 . Q F._• _ -- 5•_
PECE_11k_~..N49Q _9

FFC3; 1148 VT061 ECU -61
• FFC2 1 1149 VT062 ECU -62

F-CI 1150 VT063 ECU -63
FFCO 1151 VTO64 EQU -64.
FFBF 1152 VT065 EQU -65
FFBE---------- 1153 VT066 EQU -66
•FFD -1154 VT067 EQU -67
FFBC ... 1155 VT068 EQU -68
FFBB 1156 VT069 ECU -69
FFDE 1157 VT034 ECU -44

0FDO 1158 VT035 EQU -35
r$95 _1 1 -7
FF.4 1160 VT076 EQU -76

_ FFB3 .11.6.1. VT_...... Q77_.EQU --77-.. ....
FF82 1162 VT078 EQU -78
FFA 1163 VTOB4 ECU -84
F-AB 1164 VT085 EQU -85
FFAA ......- 1165 VTO• b...-16 ..
FFA9 11S6 VTO87 EQU -87
FF48 -1167 VTO8G E0 U -88
FFA7 1168 VT089 EQU -89
FFBI 1169 VT079 EQU -79
FFBO 1170 VTOSO EQU -SO
FFA6 ... 1171 VT090 EQU -90
050E 1172 END

000 EAR-ROR(-S) -AND 0(0 WARNING(Si ---IN ABOVE A7SSEMB-LY.
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Table B-12. Honeywell Control Program Cross Reference

S1YMROL VALUE REL OEFN REFERENCES-
r:OZN 0508 1 1077 10658 1U68R

4itMP1 010C 1 218 24SR 292R 339R
CALAb 0413 1 1052 1049R
CUNT 0509 1 1078 1057R IC62R 1072R
CXA 0362 1 733 6871 b89R 7128 714K 748M 750R 765R 774R 783R

C X2 0363 1 734 6908 71!5m 751ti 768R 771R 786R
CI 0009 1 138 134M 153M 162M 164R 174? 176R 185M 187R 228R ?-.R 3?R
CIA 01OF 1 221 279M 236R
c12 0145 1 Z68 276M3 283k
C13 0171 1 315 3238 330P
C2 OOBA 1 139 136M 155M 1658 1 7714 Bum 230R 277k 3,4R

C21 0110 1 z22 231M 239R
C22 0146 1 269 2 78M 286R
C23 017C 1 31 - 325M 3338
01N4z 04D6 1 1J43 102RR

"T 028E 1 565 455R 577R 591R
FNDK 0288 1 559 510 528IR 515R 6528
F89I081 0289 1 560 528V 576R 653M
68K 02SF 1 566 4 76M 479R 528M 531R 5OUR 5814 586b1 602R b607M bIOR 615M 7199R

64 3R

ENKL 0290 1 567 :,8DM 532M 604k 606R 611R 614R
FPOX 028A 1 561 (13A 523R 6548
EP0KI 0288 1 562 524M 655M
FPK 0291 1 568 483M 486R 535M 538R 617R 622M 625R 630M
EPKL 0292 1 56V 48b7M 539M 619R 621R 626R 629R
FTYK 028C 1 561, 516M 525R 589R b56k
ET WK 1 028D 1 564 526M 59OR 657M
FTK 0293 1 570 489K 492R - 544R 594R 59514 600M 632R 6371 640R 641M 115R

85 7R

ITKL 0294 1 571 4938 5455M 6348 636R 641R 644R
FILT 048C 1 1029 1022R
F1E1E 0417 1 891 859R
FREQP 0438 1 923 9198
F REOT 0441 1 920 9268
iT4W 0181 1 363
F T&MWC 01E3 1 400 383R
FUEL 0181 1 362 249R 296R 343R
GIO 04EO 1 1050 1046R
0TIl 04ED 1 1058 1054*
GT12 04F5 1 10o3 10598
-MWECT 0000 1 2 1R IuO0
I8SCw 8F C -C-OMMON
108TO FFO6 C-COMMON
I D•MY FFFF C-CUNMON

IN37G 0295 1 573 518R 548R
INIF 0114 1 227 137R 16AR
IN2F 014A 1 274 180R
IN3F 0180 L 321 156R 19IR
15W 01FD 1 429 IIGM 031R 433A
I VTO0 FFD0 C-COMMON
JDUMY FF 7F C-COMM(lN
KEN1 0)406 1 8685 243M e9QM 3378 803R 892R
KE FN 0407 1 869 805R 897R
KEFN3 0408 1 87o 903R
KEFN4 0409 1 871 809k 909R
KEF11 OO1'0C 1 201 174 335R
KEF12 OF60 I 202

KEF13 0OFE 1 203
KEr14 0OFF 1 204 24M
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Table B3-12. Honeywell Control Program Cross Reference
(Continued)

SYMBOL VALUE REtL DEFN REFERENCES-
KEF21 0135 1 251 27M 238R ZZR
KEF22 0136 1 2c2
KEF23 0137 1 2-'53
KEF24 0138 1 254 34M
KEF31 016B 1 298 37M 285R 329R
KEF32 016C 1 299
KEF33 0160 1 300
KEF34 016E t, 301 44M
KEF41 OIAI 1 345 47M 332R
KEF42 OIA2 1 346
KEF43 OIA3 1 347
KEF44 01A64 1 348 54K
KLAGD 04A5 1 1011 1040R
KTFN1 040D 1 875 817R 931R
KTFN2 040E 1 876 819R 936R
KTFN3 040F 1 877 82IR 943R
KTFN4 0410 1 878 823R 950R
"KTF1L 0103 1 209 57M1
KTF12 0104 1 210 6DM
KTF13 0105 1 211 63M
KTF14 0106 1 212 66M
KTF21 013C 1 259 71M
KTFZ2 013D 1 260 73M
KTF23 013E 1 261 76M
KTF24 013F 1 262 79M
KTF31 0172 1 3,GS 84M
KTF32 0173 1 307 861
KTF33 0174 1 308 89H
KTF34 0175 1 309 92K
KTF41 OIAS 1 353 96h
KTF42 01A9 1 35 98?4
KTF43 OIAA 1 355 101M
KTF044 0169 1 356 104H
KINUK 04A6 1 1012 1038R
KITHD O1FB 1 427 374M 391M 447R
K2NUIJ 04A7 1 1013 1030R 1034R
LUPi 0110 1 234 248M
LLLPZ 0153 1 281 295M

KDSWT 046E 1 967 960R
""P4W1 0309 1 672 664m
•.W2 0316 1 682 6;4R
KDW3 033E 1 "707 - 684M
MDW4 036C 1 744 709H
M-w5 0388 1 764 o703R 728R
-OW6 03A7 1 7P4 671R 681R 791R
MDW9 0248 1 494 473R
.EAST FEFF C-COMMON
MEPT 0307 1 .330
ME1 O3FE 1 860 833M 893R
.E2- 03FF 1 661 - 646R 898R
KE3 0400 1 8at2 841M 904R
ME4 0401 1 863 844M 91OR
KICK OOAD 1 127 13R
MIKEl 0497 1 1000 996R
K4IKE2 04A6 1 1008 o 1004R
KINFL 048A 1 989 982M
KINSS 048D 1 991 988R
KT1 0402 1 PS,4 848M 932R
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Table B- 12. Honeywell Control Program Cross Reference
(Continued)

SYM8OL VALIUE RE. OEFN REFERENCES-
MTZ 0403 1 865 851W 937R
MT3 0404 1 866 855W 944R ..
WT4 0405 1 1 867 858M 951R
MWI 028E . L 609 603M
WW2 02C5 1 616 605A 608R 612R
'W3 OZCF 1 624 618M
MW4 0206 1 631 620R 623R 627R
1M 5S 02F0 1 1,14 633. M . . .. . . . .. . . .. . . .

MW6 021& 1 651 635R 638R 642R 646R
W NA5• 0 7 1 1076 1048M 1051M 1052R 1067R

NE XT 01CO 1 384 366R
NFT _010E ... __220__ 247R 2944 341R
NIN OOBB 1 140 132M 151M 167W 179M 190M
NWIL 92 LA 589--.59B----
NM42 0284 1 602 598R0
NPL1 035E 1 729 662R
NPL2 035F 1 730 682R
NPL3 0360 1 731 707R
NPL4 0361 1 732 672R 744R
ONE 046A 1 963 519R --.583R 99R. 1045R
PLA U2F7 1 661
P3E1 0101 _1 206 665R 691R
P3F2 0137 1 256 693R 716R
P3E3 0170 1 303 718R 752R
P3E4 " 1A6 1 350 6"75R 754R
P3L 0364 I 735 _692M -11 7M 753M-.- 7(4R
P3W 0365 ± 736 694M 719M 7•5 • 767R
P3PL _ 040 __ 1 873 666M 676M 772M 797R 840R
P3TNB 0412 1 880 511R 813R 850R
P3T1 0108 1 214 21W
P3T2 0141 1 2•.4 31M
P3T3 0177 1 311 .. 41M

P3T4 0O1*0 1 158 51M
52E.1 0102 1 . 207 667R 695R

P5E2 0138 1 297 697R 720R
P523 0171 1 304 722R 756R
P514 01A7 1 351 677R 758q
PSL 03_ 6 1 737 696M 721WM 757M 773R
PtW 0367 1 738 698W 72314 759M 7764
PSPL 040C 1 874 668M 6784 781M 795R 836R

-5..•fB 0413 1 881 811R 847R
PSTI 0109 1 215 120M
P5T2 0142 1 265 122M
P5T3 0178 1 312 124M
P5T 014AE 1 26359 126M

R__I8 04AD 1 1020 999R 1007R 231OR
SENL 0238 1 480 477R
SEPL 0240 1 487 484k
SETL 0249 1 493 490R

SETX1 0100. 1 219 232W 279R 326R
STENL 0 02c-9- i .... 2 529R

STF.PL 0271 1 539 536R
STETL 027a 1 545 542R
STPI OIFE 1 430 400R
STP2 020E 1 442 432R
STP3 0219 1 452 441R
SUWEF 0416 1 884 896M 901R 902M 907k 908W 913P 914i4 917R 918M 968RSSUWPF 043A 1 922 925M 970R
SUMTF 0440 1 927 935M 941R 942W 948R 949M 954R S55W 954R 954M 972R
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Table B- 12. Honeywell Control Progr-a Cross Reference
"(Continued)

SYMBOL VALUE REL OEFN REFERENCES-
SUMX 036A 1 741 76614 769r 775H 778R 784M ?179R
S141 0112 1 2Z4 237M 240R
SUM2 0148 1 271 284M 207R
SUP.3 017E 1 318 33114 334R.
SWLAG 04AC 1 1019 108M 1021R 1024M
TAU2T OIFC 1 428 38214 399,A 4499R 466R
TBShN 0414 1 832 514R 825R 854R
T81 o01A 1 216 112M
t82 0143 1 266 114A4
T83 0179 1 -113 11614

6 T4 OlAF 1 360 118M
TEMF 04AA 1 1016 1031M IU35R 1036M 1039R
TESTN 0007 1 10 6R
ThREE O4C 1 965 1008R
TIME 0287 1 558 109M 517R 547M
TINi OOCD 1 157 149R
iIN2 OODB 1 169 159M
TIN3 OOE9 1 181 171M
TMAX OOC1 1 1411 1 30R
TMPF 01F2 1 414 369M4 372R 377M1 3809 38614 389.A 39414 397R
"TSTI 0111 1 223 233M 234R 244R 246M1
TST2 0147 1 270 2!,OM 281R 291R 29314
TST3 017D 1 317 327M 328R 338R 340M
7TWO 046B 1 964 59791 1005R
T4WF 01FA 1 426 469M, 515R 853R
UNMI 04A9 1015 1027M 1029R 1033M

VTOI2 FFF4 0 1125 15R
/VTO13 FFF3 0 1126 18R

: ()114 FFF2 0 1127 20R
0VTO15 FFF1 0 1128 22R

1VTO16 FFFO 0 1129 25R
1VTO17 FFEF 0 1130 286

VT018 FFEE 0 1131 30R
11VO19 FFEO 0 1132 32R
1VT020 FFEC 0 1133 35R

V102L FFEB 0 1134 38R
VTo022 FFEA 0 1135 40R
1VT023 FFE9 0 1136 42R
'VT034 FF0E 0 1157 1055R9 1063R
V11035 FFDD 0 1158 1060R 10649R 1070R
"7T036 FFOC 0 1094 475R 527R

1VTO37 FFDB U 1095 48IR 533k
1VTO38 FFDA 0 1096 488R 540R

VT039 FFD9 0 1091 11IR 14M 471R '.74M
'VT040 FF08 0 1137 45R.
'VT041 FFD7 0 1138 48R
VT042 FFD6 0 1139 5CR
'VT043 FF05 0 1140 52R

1VT044 FFD4 0 1,41 55R
VT045 FFD3 0 11 ? 58R

1VT046 FFD2 0 1143 61R
1VT047 FF01 0 1144 64R

'VT048 FFDO 0 1145 67R
1VT049 FFCF 0. 1146 69R
1VT050 FFCE 0 1147 72R
1VT061 FFC3 u 1148 74R
1VT062 FFC2 0 1149 77R

VT063 FFCI 0 1150 8OR
VTO64 FFCO 0 1151 82R
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t *Table B- 12. Honeywell Control Program Cross Reference
(Continued)

SYMBOL VAL'IE REL 'F)-FN REFERENCES-
VT06S FIýBF 0 1152 £5R
VT066 FFBF 0 i153 87R
%JT06? C=FtD 0) 1154 90R
V1068 FFSC 0 1155W 93R

V1ý _FF18' 0 1155 95R
VIQ0l FF89 0 1081 96914 978R 979R 995R
VT072 FF88 0 1082 9711M 974R 975R
VTO73 FF87 0 -1083-- _ 9.7314 1003R
VT374 FF86 0 1084 52014 582R 596:1 99814 100814 10098 1044K
VOT07 FF85 0 1159 97R
VTO06 FF84 0 1160 99R
VT077 rFB3 0 1161 102R
VTO78 FFB2 0 1162 105R

IIJMT9j_ F5 Q---Q 1469
VYOSO FF80 0 1170 46014

VIQIJ-__ FFAF 0. 1081 1056M4 106114 1071M4
VTO82 FFAE 0 1086 111R
X-T-0- FFA 0 1087 113R
VT084 FFAC 0 1163 115R
4T085 ~ flf6 - .B 117YR
VT086 FFAA 0 1165 119K
VTO87 f-A9O0 1166 121R
VT088 FFAB 0 1167 123R
VTOP9 FFA7 0 1168 125R
VT090 FFA6 0 1171 462M4
VTOS7' FF9F 0 1093 438R 444K

VT1O FFA 0 1091 364KR 7K 37K 37 392R 512R 839R 849R

V.T108 _. FF94 .0 1092 835R 846R
'41128 0001 0 1090 508k 663R 673R 683R 708R 745R 832R 1047R
VT157 00O1E_ a 1o88 128k 148R 158R 170R 182R 509R 831K 1050K

T6Z 0023 -0 1098 796M4
_VT163 0024 0 1099 _'798M4

VT164 0025 0 1100 B0014
V3165 _0026- 0 1101 80214
VT166 0027 0 1102 804M4

-V.T167_. .0028 0 1103 80614
VT168 0029 0 1104 808M4
V7169 002A 0 1105 81014
VTIY 10 0028- 0 1106 8121
VT171 002C 0 1107 81414
VT17i2 0020 0 1108 81614
VT173_ OOZE 0 1109 81814
VT1 7'4- 002-F 0 1 .110 82014

V~lJS 030 0 11 82214
VT176 0031 0 1112 824M4
~VT80 *0035 0 1089 981M4 98514 986K 99014 992R 1000K 1025R 1032R 104214
VT1 96 0 045 0 il115 83414
V T197 0046 0 1116 838"14
VT198 -04 0 1117 8 4014

VT199 004A ls 82
VT200 6048 0 11219 82614
VT203 004A 0 1122 47014
VT204 00480 l 86

V7Z0S 004E 0 1124 90
VT206 004F 0 1113 947M4
VT207 0050 0 1114 953M4
WEFI 0368 1 73ý9 70014 725M4 761f-: 782R
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Table B-12. Hcneywell Control Program Cross Reference
(Concluded)

4AYMBOL VALUE AEL.Q -... .
WEPFM 0369 1 740 702W 72"7M 76414 ?8SR
NEFN 040A 1 872 670W 6bOM 79M -- it f91-_R. _
WEF1 0100 1 205 19M 669R 699R
WEF2 0139l41 L255--W1M 0I1L 724R
WEF3 016F 1 302 39M 726R 76OR
WEF4 01I5S1l 349 49M JA ~ W ----
WFM•W 0415 1 883 987R 989
WFNNI. 0105 1 217
WFNN2 0144 1 267
W ,FMN3 017A 1 314 ___

•i. FNN4 O0Ew 1 361
WFMOD 046D 1 966 977M

W'TFN 0411 1 879 8071 956R....
W-I 1T _ _ _ 0107 1 213 68A

-- WTF2 0140 1 263 81M
WTF3 0176 1 310 94M
WTF4 01AC 1 357 106W
XR1 0509 1 1079 3M
XT4 01F4 1 417 44,.4 ,:&6R 458R 459:4 467R
XT4D0. 01F6 1 420 436W 41MW 452R 463R
XT4D1 0IF8 1 423 437M 453R 464M
YNNI 04AB 1 1014 1026M iO3lR 104.1W

OMP FUNCTION COMPLETED
*STORE tiHECT
HWECT
OMP FUNCTION COMPLETED
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----------

Table B-13. Bendix Bounds Program

/1 JOd VDIEr 17 JUL 743,5.768 HRS
// OMP 17 JUL 74 15.766 HRS
*DELETE GTECT

WP FUNCWTION COMPLETED
// ASH GTECT 17 JUL 74 15.769 HRS HWEO0010
*OVERFLOW SECTORS ,,,9 HWEO0020
*LIST HWEO0030

*Y. RE F HWE00'340
,__*fl._l. tj• J.fINT GER .... . ... . . . -__________ W 025 ___

*COMMON !DOUMY(127f)IVTOOJDUMY(127) I,JiO• MEAST(64),IASCW(2) HWE00060
0000 078C50E3 I ENT GTIET HWEO00 70
"0000 0 0000 2 GTECT OC HwE00080
0001 01 60000568 3. STX Lt XP.1t+ HtEiOOf9l.

"-0 0 0 3 Ol EC0056A 4 STX L2 _R_+- HWEOO100
000,•- _•_k5L,Ab.E•OOU('_C - SIX.LA XR3+1 HWEn•11n

"•-•-.6 HWE001 20S0007 03 6700FF8• 7 LOX _0,MEVTO0 3 HWE00130
S0009 03 67COFFSO a LOX .LZ, IVATOO ... HWE001430

008 00 653000000 9 LOX 11 0 . .. .HWE00150
O000 0 CO3F 10 Lb =0 HWEO0160

I * HWE0017O
O0OE 01 4C000147 12 B L START HWEO0180

0'13 RSTAJ, EQU . * RL&EiEl ALLL DIGITAL AQJUST_ HMwEQI 19Ak.
oo10 c C03E 14 LD STO01 HWEO0200
0Qýi U UZFF . 15 5TO 2 VIO0 .. HWE0020"1o).2 0 £,30 16 L ST002 HWEO0220

.. SID3 2EE -T 0 VTOO2 HWFOnriO
* 0014 0 C03C 18 LD ST003 HWEO0240

0C-15 0 .2=FU .0 _19-.- . ZTD3 . . .... TO 1WE_002_50_.
0016 0 C03B 20 LO 5T004 HWEOO260

* 0.01? . ODZL. 21 50 _z.v.roo0 . .. .HWEOO2To..
0018 0 C03A 22 LO ST005 HWECO0280

__._j l_.0_.2. 23 .. . l 2 vtnnl• -.. EHWFQf2&n
OOlA 0 C0%9 24 LU ST006 HW200300

"" () _ -.... ... .. . . S --- -p.z .. .. ... HW OEQ0n Q__
""001C 0 C03•8 26 LD ST007 HV,6O0 3;.J

_ - -O_. , F9 .. .27 .STO.. 2 VT07 H'4.EO0 330
001E 0 C-037 28 L0 ST038 HWEO0340
o-011 n Z::J8 ?9 STO 2 V1008 HWEO03SOSC,0Z. 0 C036 .3o L': STO00 HWE00360

-022 0 C032F7 L0 STOIO HWEO0380
69 0023 0.2 6 .. 33 . .SI .0

""024• & k03P 34 LO &,TO6 -. .. .. HWEO0039
0023 0 D2rbS-5:V-I HWEOO 400_S002 "5 0o D2P5 35 STO 2 VTOZ I HWEO0410-

o0b( o03 36 L0 ST012 HWE00420
007 0 D2F4 34 STO 2 VTo12 HWEOO "'.•.
0028 C C032 38 LO STC13 HWEO0440
002!9 -C .D2h3 39 5 2 V03HWE00450
O0ZA 0 C031 40 LO ST014 HWEO0460
0n25 0 DUFZ 41 SYO 2 VTL14 HWEO047O
002C 0 C030 42 LO ST015 HWEO0480

oizk' 0 CV: 1 43 510 2 VTO15 ___ HWEQOO '0,
c00" 0 C0OF 44 LU 5T016 MWEOO500

0... _02FO •4 --5 5 -2_ VTO16. HWEO0510
0030 0 C OZE 46 LU ST017 HWEO0520
0031_j .OF.lF 4_ S,!_TO __72 VYTO 1 7 Hfo_0..
0032 0 C02 48 LD ST018 HWE00540
0031 0 OZEE. _9 ST0 2 VT018 HWFOO55O

0034 0 COZC it, LT 5TO19 HW.70C 560
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Table B- 13. Bendix Bounds Program (Continued)
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0035 0 0250 51 -STO 2 VTO19 HWEOO0570
0036 0 C028 52 LC' ST020 HWEO0580
0037 0 02EC 53 STO 2 VTOPO HWEO0590

•-.03t9~ 0 DA .. TLO $TVT021. HWEOO6Q.
0039 0 OPEb 55 STO 2 VTDP1 HWEOO0610
043A Q AC-929-- 5 6, S T Q . .H.-.UO0_20
0038 0 O2EA 57 STO 2 VTOZ2 HWE00630
003C 0 COaz 58 LD ST023 HWEO0640
003D 0 02E9 59 STO 2 VT023 HWEO0065
003E 0 C027 60 L6 ST024 HWEO0 660
003F 0 02E8 61 STO 2 VTD24 HWEOO67O
0040 0 026 T25....- HWEOO6BO _.
0041 0 D0E7 63 STO 2 VT025 HWE00690
0042 0 C025 LD ST026 HWEO0 700
.0043 0 0E6 65 STO 2 VTO26 HWEO0710
004 0 C024 66 LD STo2? . HWEO0 720
0045 0 D2E5 67 STO 2 VT027 HWEO0730
0046 0 C023 68 LD ST028 HWEO0 740
0047 0 D0E4 69 •TOQ2 VTO2S HWEO0750
"0048 0 C022 70 LD ST029 HWE00760
?W"- 9-•T O1• F- .... 01 STO 2 VT029 MWEO0770
004A 0 C021 72 LD ST030 HWE00780
0V46-r UZ-1YEW - 7T S70 2 VTO3O -HW1667490
004C 0 705c 74 B STtVt HWEOO800

75 LHWEOO0810
0040 0 0000 76 + 0C 0

71 * SPEED CONTROL PIGIO-3&4 HWEOOBZO
004E 0 0000 78 STO00 DC 0 HWE0O830

HOW- 79 sroo-1 6C 0 IDLE SPEED TRIM w c-OB66
0050 0 0000 80 ST002 DC 0 MAX SPEED TRIM HWEO0850
O-flL 0 4E20 81 ST003 DC 20000 HWFOO860
0052 0 0000 82 STO04 DC 0 BRANCH COMMAND 64+ HWEO08T7
Ob -i-ob..... 83- .. 05o C 4096 N-INTEGRATIOiNC HWEOOBBO

0054 0 1388 84 S-;1 , O so .o0 N INT PRESS GAIN HWEOO9O:, - '- oU-•--W--ooo............. •.......SThOo? IX -4o96.............N IPI-T 'beCRA~ib.......gwE60900

U056 0 EC78 86 ST008 DC -6000 N INT DEC PRESS GAIN HWEOO9O
-- _ _ _ _ _ _-.- .-- 0--- ....__ _

88 P1b-S ~HWE00920-'18 F IG10-5 PROP.TEMPERATURE CONIAO k HWE00930

' STO04 DC 6 . $SFE • CONTROL- SELEC .. HWC0694-
0053 0 2AFP 90 ST010 11000 HWE00950

.91 ST011 oC 0 2EI90 fLdw ADJUST -HWtOO9-60

92 * HONEYWELL ST VALUES

05A 0 F290 94 STO17 OC -3440 N GAIN (509E)
S0 --0 0207 95 ST013 DC 519 WF (50 ,E)
005C 0 0992 96 ST014 DC 2450 PT3 BOND (50 ,P)
0050 0 0180 97 ST015 DC 432 EN GAIN (50 tE)
005E 0 FB20 98 ST016 DC -2016 N GAIN (70 9E)
-O 5F--0-.7 ..5- -. 99 STr1-o-wC -- 693-- - W -r . . T707,ET
0060 0 OFAO 100 ST018 DC 4000 P13 BOND (70 ,P)
0061 0 0190 101 ST019 OC 400 EN GAIN (70 *E)
0062 0 P860 102 51020 OC -1952 N GAIN (85 ,E)
0063 0 OA6 103 ST021 OC 934 WVIP (85 E)
0064 0 1tb9 104 5T022 DC 6300 PT3 BOND (85 PP)
00obs0 0380 105 st.. C0 896 EN GAIN (85 9E)

106 *
107 * END HOI"EYWELL ST VALUES
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Table B- 13. Bendix Bounds Program (Continued)
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108 *
0066 0 1770 109 ST024 DC 6000 ZERO N RAT10AN.T•RCePT HWEOLL40
0o67 0 A240 110 STO5 DC -24000 BACK SLOPE SPEED BREAK PT HWEOISO
0068 0 4000 ill ST026 DC 16384 .. ....... ..

112 * HWEo117o
-. 1. * FIGURE1G-8 RATIOS INTEGRATIONHWE01B80

0069-0 7FF8 114 ST027 DC 32760
006A 0 0000 115 ST028 Di; .0
006B 0 0000 116 ST029 DC 0 MINIMUM RATIOS SLOPE HWE01210
006C 0 5014 117 ST030 DC 20500 MINMURATW$ !LEEL ..... AhTLO
006D 0 0000 118 ST031 DC 0 HWEOI230
006E 0 7FFS 119 ST032 DC 3270Q VALVE MAXIMUM POSITION HWEO01A0
006F 0 0000 120 ST033 OC 0 VALVE MINIMUM POSITION HWEOI250
0070 0 25A8 121 S1034 DC -- 9640..- - --

0071 0 OA5A 122 ST035 DC 2650
123
124 HONEYWELL ST VALUES . ..
i23 * _ __ ______ _

0042 0 0640 126 51036 DC 1600
0073 0 0640 127 ST037 0C .1600 .
0074 0 5670 128 ST038 DC 22141
0075 0 0010 129 ST039 DC 16
0076 0 FOAO 130 ST04o nr -3936 N GAIN 1OOtE)
0077 0 0670 131 T51041 C 1648 Wf l- (100,E) - -
""0-'07-8--1FA4-- 132 ST042 0C 8100 PT3 BOND (1009P)
0079 0 0930 133 ST043 DC 2352 EN GAIN (100,E)
0 07A 0 22DO 134 ST044 DC 8912 P4T5 GAIN (50 T)
0078 0 FB66 135 STO45 DC -1178 PT3 GAIN (50 TI
007C0 F970 .. ".1.36 .. T46 DC -1680 T4W GAIN (50 t)

- 0070 0 0340 137 ST047 OC 832 ET GAIN (50 T)
0.70- 02•88 . 38 ST048 DC 651 WTF (50 T)
00TF 0 3A80 3.9 ST049 DC 14976 PT5..qAIN .70 T .. .. . .-
"0080 0 6009 140 51050 DC 24585 PT3 GAIN (70 T)

141 *
142 * END HONEYWE-LL ST VALUES
143 ,
144 *HWEO01460

145 * FIGUREIO-12 IGV & BLEED CONTR HWEOI470
0081 0 0ooo 146.SIOST0L' 0o C & LO.0-W N - T R.,IM .-OF 1 .G ,V H -WEOI -4.8O .
0082 0 3EBO 147 5T052 .C 16000 HIGH N TRIM OFIGV HWEOI490
0083 0 0000 148 ST053 DC 0 L,, OW'N TRIM OF BLEEDS HWEOISO0
0084 0 3E80 149 51054 DC 16000 HIGH N TRIM OF S-LEEjWEjj

150 * HWEO 1520
151 * FIGURE1O- 14 NOZZLE CONTROL MWEQI530

0085 0 lOSE 152 ST055 Oi 4190 NOZZLE FLAT BEN01530
0066 0 4008 153 5T056 DC 16600 T5 REQUEST HWEOL550
0087 0 4000 154 ST057 DC 16384 T5 CoNTROL GAIN HWEOI560
00BB 0 0000 155 STOSB DC 0 HWEO1570S0089 0 0000 156 51059 DC 0 HWE01580
OOA 0 0000 157 ST060 DC 0 HWE0I590
0080 0 F7CE 158 S061 DC -2098 Y4W GAIN (70 T)
008C 0 0410 159 ST062 DC 1040 ET GAIN (70 T)
OOBD 0 03EB 160 5T063 OC 1000 WTF (70 T)
OSE 0 EA90 161 T5064 DC -5488 PT5 GAIN (85 T!SOUF 0 1088 162 5T065 DC 4235 PT3 GAIN (85 T4M
0090 0 FA95 163 5T066 DC -1387 T4W GAIN (85 TI
OUUOI 0 04AO 164 5T067 0C 1184 ET GAIN 185 T
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Table B- 13. Bendi~x Bounds Program (Continued)
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0093 0 17EF 166 ST069 DC 612? PT5 GAIN (100 T)
0094 0 0000 167 ST070 DC 0
OOss 0 0000 168 5071 DC 0
0096 0 0000 169 5T072 MC 0
0097 0 0000 170 ST070 DC 0
0098 0 0000 171 ST074 OC 0
0099 0 OF6E 172 S0750 DC -- 8338 P3 GAIN (100 T)
.669A 0 FFCO -- -173 ST616 DC -64 .4W GAIN.. (100 Ti)
0095 0 06C0 174 ST7__7 CC 1728 ET GAIN (100 T
009C'- 0 d686 175 St~ to 3000 WIF- (o fp 100- Ti

0090 0 0000 176 S7079 DC 0
-•00F 0 -0000 178 ST080 DC 0 0 j009 0 0000 177 57080 2C VT0- -- H.-E0162

-66.A0 0 ..249A- 179. StbOZ. u . V 10650
OOA1 0 2666 __ 130 S7083 DC - 9830
00*-2 -0k- 3O -1811 S108'4 DC 1 2460
OOA3 0 250 182 57065 DC 12000H-EO. .

4OOA 0 )CCO 183 S 10T0663C "165006
*OO 0 (690 184 51087 DC 1680

00*6 0 089.B. ..... 18j ST To0 ' .220
0047 0 0854 186 S1089 LC0 2900
WS 0 0 0000 187 57090 OC 0 .

OOA9 188 STT T EO0 HWU
-009 0 COC3 189 LD 5T031 H4EO 161

. 004* 0 D2E1 190 S10 2 VTO31 HWEO1620
.008 0 029 191 LO 7 TO32 HWE01630
OOAC 0 D250 192 STO 2 VT032 HWE0160

0040 0 O9 "20 " LO T0 HWEOI64O

-6OD0 Ot0C1L - ID -'Sf033 4WEO01650
OO E 0 02oF 194 STO 2 VT033 , 6e 0._Z0
obF 0 CCOO 195 LO 51034 HWEA 1670
0080 0 020D 196 510 2 VT034 HWFO1680

"-b'66I-- -b" 197 Lb S--. . . HWEO 1690
0O82 0 0200 198 STO VT0J HWEO1700
0083'0 COR. M.... 5 -L STO36 HWEO1710
0084 0 020C 200 STO 2 VT036 HWEO01820
00 0 -COBS 101 LO ST037O05 E01700
0056 0 020B 2. 2 ST 2 V1037 HWE01740-. 2.0., 5.-TOU-- 8oi76-

0055 0 0202 204 STO 2 VT038 HWE01760

008* 0 0209 206 $T5O 2 VT039 ____ HWEOI176O
0089 60 C084 20?C -LO S-T600 - - - -"--' --.- -______1_7_3

OOBC 0 D2D8 208 - 57 2 VTO4O '' 1s
0080 0 COB9 209 LD ST041 HWE01810
0055 0 0207 210 570 2 VT041 HWEO1.82
0085 0 COSS 21-1i LD ST042 HWFOI1830
QOCO 0 0206 212 50 2-VT042 .... HWE01840

00C2 0 0205 214 570 2 VT043 HWE01860
00C3 0 COB6 215 1.0 57044 HWE401870
00C4 0 0204 216 570 2 VTO44 HWEO0 830
OC5t 0 COBS Ž17 10 57045 HWE401890
00C6 0 0203 218 - 57 2 VTO45 HWEO01900

65crT64 I 1046 HWE0 1910
OOMe 0 0202 220 570 2 VT046 H-WEO01920
ooC9 0 C083 221 ID ST047 HWEO01930
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Table B-13. Bendix Bounds Program (Continued)
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COCA 0 D2D0 222 STO 2 VT047 HWE01940
0OC.S 0 C082 223 LO ST048 rtWEOl950
OOCC 0 0200 224 ST0 2 VT048 HWE01960
00C0 0 OBI 225 LD ST049 HWEO 1970
OOCE C D2CF 226 ST 2 VT049 HWEO1980
oOCF 0 COBO 227 . 0 STOnso HWEOD.9qD
0000 0 02CE 228 ST0 2 VTO50 HWEO2000
00D1 0 COAF 229 LD s5051 HWEOO2O
00C2 0 02CD 230 ST0 2 VT051 HWEC2C2O
00D3 0 COAE 231 LD ST05. HWE02030
00D4 0 02CC 232 ST7 2 VTO52 HWE02040
00D5 0 COAD 233 LD $T053 H. W ED70.5.
COD6 0 02C8 234 ST0 2 VTO53 HWE02060
0007 0 COAC 235 LD . T054 HWE0ZO70
0008 0 D2CA 236 ST0 2 "rT054 HWE2OO80
00D9 0 COAB 237 LV ST055 HWE02090
CODA 0 D2C9 238 Sf0 2 VT055 HWEOZi00
00DB 0 COAA 239 1 10,6 . - .. . IH.W.EO2110..
ODOC 0 D2C8 240 STC. 2 VTO56 HWE02120
OO0 0 COA9 241 LD ST057 HWE02130
CODE 0 D0C2 242 $TO 2 VT057 HWEO2140
OODF 0 COA8 243 LD 5T058 HWEOZSO
OOEO 0 02C6 244 ST7 2 VTOS8 HWE02160
COEL 0 CQA7 245 LD ST059 HWEOZI0 O
00E2 0 02C5 246 ST0 2 VT059 HWE02180
OOE3 0 COA6 247 Lt STObO HWE0ZI90
OOE4 0 02C4 248 ST7 2 VTO60 HWEOZ00
OOE5 0 COA5 249 LD STO6L
COE6 0 D2C3 250 ST 2 VTO6L
C0,L? 0. CO•4. 251. LO ...... _IT.Q...... ....OCE8 0 D2CZ ?52 STO 2 VT062

OOE9 0 COA3 253 LD $T063
OOEA 0 D2CI 254 ST 2 VT063
OOES 0 COA2 255 LD ST064
OOEC 0 D2CC 256 ST 2 V1064
COED 0 COAL 257 LD ST065
O0EE 0 02S.- 2-8" STO o vT065
OOEF 0 COAO 259 L0 S7066
0OFO 0 D28E 260 ST0 2 VT066
OOFI 0 C09F 261 LD 5T067
0OF2 0 DBD 262 ST 2 VT067
OF3 0 C09E 263 LD 5T068
66OP 0 D6- B 264 Sf0 2 VT068
0OF5 0 CC9D 265 LD 5T069
COFS 0 028B 266 STO 2 VT069
OOF7 0 C09C 267 LD $7070
OOF8 0 D2BA 268 STO 2 VT070
OF 01£ C4000095 269 LD L 57071
COPS 0 D289 270 STO 2 VT071
OOFC 01 C4000096 271 LO L ST072
COPE 0 0288 272 ST 2 VT072
OOFF 01 C4000097 273 LU L $7073
0101 0 02B7 274 ST0 2 VTO'73
0102 01 C4000098 275 . LO L ST074
0104 0 0266 276 STO 2 VT0•4
0105 0l C4000099 277 LD L ST075

Ulu( U U2LI5 z7 Sbu e vTu'15
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Table B-13. Bendix Bounds Program (Continued)
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0108 01 C400009A 279 LD L 5T076
O01A o 0284 280 STO 2 VTOT6
01PB 01 C400009B 281 LO L ST077
010D 0 0283 282 STo 2 VT077
OI0E 01 C400009C 283 LD L 5T070
0110 0 02B2 284 STO 2 VT078
0111 01 C400009D 285 L0 L STC79
0113 0 D2B1 286 STO 2 VT079
0114 01 C400009E 287 LD L ST080
0116 0 0280 288 STO 2 VT080
0117 01 C400009F 289 0 L ST081
0119 0 D2AF 290 STO 2 V1381 - ...
011A 01 C40000A0 291 L0 L ST082
011C 0 D2AE 292 STO 2 VTO82
O1in 01 C40000A1 293 LD L ST083
OLF 0 02AD 294 STO 2 VT083
0120 01 C40000A2 295 LD L ST084
0122 0 02AC 296 STU 2 VT084
0123 01 C40000A3 297 LD C ST0856
0125 0 02A8 298 STO 2 VTO85

0126 01 C40000A4 299 LD L ST086
0128 0 D2AA 300 STO 2 VTO86
0129 01 C4000065 301 LD L STO7
012B 0 D0A9 302 STO 2 VTO87

012C 01 C40000A6 303 L L ST088
OL2E 0 D2A8 304 STO 2 VT088 I
012F 01 C40000A7 305 LD L T5089

0131 0 0267 306 STO 2 VTO89
0132 01 C40000A8 307 LD L ST090

0134 0 0266 308 STU 2 VTO9O0 __-0135 0 7054 309 B DAC4L BRANCH TO DAC4. OUTPT LOOP HWEUC21O
310 * HWE02220

0136 0000 311 CEON 1.S5 E 0 HWEOU230
0136 0 0000 312 DC 0 xWFO2240
0137 0 E401 313 0C /E401 .. HWE02250

314 * DIGITAL ADJ.US T.M NT-N... HWE02260

0138 0000 315 DIV64 BSS E HWE0220
0138 0 0000 316 DC 0 HWE02280

0139 0 5F40 317 DC /5F40 HWE02290
318 * SAFETY RESET DIGITAL WORD HWE02300

013A 0000 319 01940 BSS5 E 0 MWEO23IO
013A 0 0000 320 DC 0 HWE02320
0138 0 0F40 321 DC /1r40 H WE-03- .

322 * HWEOZ340
013C 0000 323 DO7E 5SS E 0 HWE02350
013C 1 013E 324 DC VALUE HWE02360
0130 0 617E 325 bC /617F HWE02370

326 * HWE02380
013E 0 0000 327 VALUE OC - .HWFOg39o
013F 0 0000 328 NUM DC HWEO2400
0140 0 0000 329 TMNR DC H-* HWE02410
0141 0 0032 330 TRIMS DC 50 HWE02420
0142 0 0000 331 TEMP3 DC *-* HWEJ2430
0143 0 0000 332 TEMP4 DC HWNEO 2440

0144 0 0000 333 TEMP5 O . -* - HWE02450
0145 0 0000 334 KOUT 0C *-* HWEO7460
0146 0 0000 335 DK20T dC $- HWE024 'i
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Table B-13. Bendix Bounds Program (Continued)
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336 = OsTAIN INPUT DATA HWE02480
0147 337 START EQU * HWE02490
01 0OEE 338 xlo CEON HWE02500

0 33E_ X DV DIGITAL ADJUSTMENTS HWE0251001.48 0 GBEF 340 X10 DIV64 HWE02520

_.0149 Q.I-• O 4Q _EL_0 ._•.41_- AND L */7F80 HWEOS40
0148 0 D2AZ 342 STO 2 VT094 DIGITAL ADJUSTMENT HWE02530
0 14C; 0 1807 343 SRA 7 HWE02550
014D 0 DOFI 344 STO NUN HWE02560

S.014E 01 940001E5 345 S L -127 HWE02570
0150 0 DOEF 346 STO TMNR HWE02580

A . ,10CV_157 --3,47- BP PLUS HWEOZ590
0153 01 C400004D .348 LD L ,0 14WE02600
Q155 0 90E9 349 5 NUH HWEO'6 1
0156 0 00E9 350 STO TMNR HWEO 2620
0157 01 65800140 351 PLUS LDX 11 1MNR HWE02630
0159 03 C50OFF80 352 LD Li IVTOO HWE02640
01-580 - .. - _ .. 353. STO VALUE HWEOZ650
015C 0 DOE6 354 STO TEMP4 HWE02660
0150 01 4C300 1 5 355 BP RDOUT HWEO2670
01SF 01 C400', 0 356 LD L -0 HWE02680
0161 0 90DC 357 S VALUE HWEC02690
C162 01 ECO001E6 358 OR L -/8000 HWE02700
0164 0 DOD9 ... 359 STO VALUE HWEOZ710
* 0165 360 RDOUT EQU t HWEO2720
0165 0 0806 361 XIO n07E HWEO2730

362 * VTXXX VALUE OUTPUT HWE02740
363 * RESET AND SAFETY HWFO2750

0166 0 0803 364 XIO DIV4O HNWE02760
0167 0 O!7F _36.5. AND */7FFF HWE0Z770
0168 0 DOD9 366 STO TEMP3 HWE02780
0169 0 029B 367 STO 2 VTI01 HWEO2790
016A 0 E07D 368 AND a14000 HWE02800
0.1.68 01 4C300010 369 fP RSTAL RESET ALL ADJUSTMENTS HWEO2810

370 SINGLE ADJUSTMENT 0 ESET ROUTINE HWE02820
..,•_4P. 0C290 3731 LD 2 VT099 HWEO2830
016E 0 9000 372 S NUM HWE02840
016F 01 4C1801" 373 8z RSTSA HWE02850
o171 0 co0o 374 LD NUM HWE02860
0172 0 D29D 375 STO 2 VT099 HWE02870
0173 0 COCF 376 LD TEMP4 HWE02880
0 t74 Q 2.9C0 377 STO 2 VT100 HWEO. 890
0175 0 C298 378 RSTSA LO 2 VT101 HWE02900
0176 0 E072 379 AND -/2000 HWEO 2910
0177 01 4C18018A 380 BZ DAC4L HWE02920
0179 0 COC5 381 LD NUM HWE02930r 017A 0 906F 382 S -90 NUMBER UF APJUSTM!ENTS HWE02940
0178 01 4C30018A 383 BP DACAL HWEO2950

..... .. 384 *RESET ONLY ONE TRIM " HWE02960
01700 0C06D 385 LD =C HWE02970
0178 0 90C0 386 5 NUM HWE02980
017F 0 00D4 387 STO TEMPS HWE02990
0180 01 6500004E 388 LOX Li STOOD HWE03000

. 0182 01 7580013F 389 MDX 11 NUM HWE03010
0184 0 CI00 390 I.D 1 0 HWE03020

- 0185 03 6500FF80 391 LOX Li IVTOO HWEO'030
4 0187 01 7580014t, 392 MDX I1 TEMPS HWFn,0n34
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Table B-13. Bendix Bounds Program (Continued)
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189 0100 393 STO 1 0 HWE03050
_3.94 _ _ND R___E_____ _ -!KIM- .. - .. . -, HWE03060
395 DAC4 OUTPUT HWEO 30 TO,'-0]• .... .. 396 . OA.4L .-E.QUAL * .... HWE03080| OISA 0 C298 397 Ln• 2 vt101. HwE03C9O

0189 0 E060 398 AND 2/1000 HWEO 31_
019C 0 4C00190 399 D 0AC40 HWE03110
01UE 0 C05100145 406 LO TMNO HWEO3120
019F 0 D£16 407 10 11 VT149 HWE03130402 . . .DAC4._ OUIPU_ T.ROUTIN E . .. . .. HWE03140

04003-,0 D-AC-40 -EQ-U- - -- - -- -- - - - -- - ,- A HWt -15-0
0190 0 C216 404 LD 2 VT149 HWE03160
0101 0 DOB3- 4O05 STo OKOUT HWE03170
0192 01 56500145 406 LOX 11 OKOUT .... HWE03180
0194 03 C50OFFBO 407 LO L1 IVTO0 HWE03190

0196 0 1881 408 SRT I ------ HWE0 3200
0197 01 04000589 409 510 L ALOG4 HWE03210
0199 0 D250 410 STO 2 VTZZO _HJ._EO_•_22.

411 * HWE03230
412 * OUTPUT_ VTXXX TO DAC 2 H. HWE0394_

"" 019A 0 C298 413 LD 2 VTI1OI H4E03250
.0198 0 E051 414 AND 0/0800 HWE03260S019£ 01 4c1801AO 415 BZ OAC20 HWE03270

019E 0 COA1 416 LD TMNR -HWE03280
019F 0 0261 417 STO ? VT224 HWE03290

418) * WNE033.00
OIAO 419 DAC20 EQU * HWE03310
O1AO 0 C261 420 L 2 VT224 ...... -HWEO3_320Q

OIA1 3 00D4 421 STO DK20T HWE03330
01*2 01 65800146 422 LOX 11 OK20T HWE03340
OIA*4 03 C£500F80 4233 tO LI IVTO0 HWE03350
01A6 0 1861 424 SRT 1 HWEt3360

01A9 0 D262 426 STO 2 VT225 HWE0338001*71 ~ 1r ~ 3rrL 1 D ~ - HWE03390

428 *VALVE POSITIN SIMULATION HWE03400
TIUrxr C29B 4Z9 L D 8VTTO1 HWE03410

OIAS 0 E042 430 AND =/0400 HWE03420
O1 ir i r -r-w--- nr1-- ...r VLVEG VALVE POSTIM.....GINV- TW-1 -
OIAE 0 C298 432 LD 2 VT1OI HWE03440

W .r ---r r -3- 433 wNO */OOFP HMWE03450
0180 0 903F 434 S -/OOAA HWE03460
0-1T 01 4T18OIC6 4153 8z TAFND END OF SAFETY ROUTINE HWE03470
0153 0 C03D 436 LD -- 5000 HWWEO.3480
0154 01 D40005-865 437 STU L FUEL HWE03490
0186 01 4C000551 438 B L DONE HWE03500

39VALVE POSITION ENGIN HEO031
01B8 440 VLVEG EQU * HWE03520
0-- C24- 10fLO vt E is 7 HWE03530

0189 0 9038 442 S -7000 HWE03540
015A 01 4C3001C6 443 BP SAFND HWE03550
018c 0 C295 444 L0 2 VTIOL HWE03560
01800 E031 445 AND -/OOFF HWE03570
01E 0 9034 446 S -/0055 HWEO3580
-IS 01 j 801 6- 4 7•T-N- HWE03590
OICI 0 C02F 448 L0 -5000 HWE03600
01C2 01 04000585 449 STO L FUEL HWE03610
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01C4 01 4CO00551 450 8 L DONE .. HWE03620
01,C6 451 SAFND EQU * HWE03630

452 * 'PEED CUMPUTATION HWE0-640
01C6 0 C02D 453 LD =10 HWE03650
0DC7 01 D40001E2 454 STO L TESTN HWE03660
01C9.0 _O&i .45.5-. TI Q. RPM............. ... .... MWE 467
O]CA 01 4C2801CF 456 BN VALID HWE03680
01CC 01 74FFOIE2 457 MDM IGSTN,-1 HWEO3690
01CE 0 70FA 458 B GETN HW,03700
O0,CF 459 VALID EQU * HWE0 3710
OICF 0 EC17 460 AND =/7FFF HWEO37200100 0 D012 461 STO RAWN-. .. .. _QHFO .Q
0101 0 02A3 462 STO 2 VT093 RAW SPEED HWE03740
O1D2 01 CCOOOLDE 463 LOD L ISUBN H1WE03750
01D4 0 1885 464 SRT 5 HWE03760
01D05 0 A8OD 465 D RAWN HWEO 3770
01D6, 0 O2IE 466 STO 2 VT157 HWE03780
0107 01 74FF0141 467 MOM TRIMS,-1 HWE03790
0iO9 7042 468 MDX ENDTM HWE03800

41. * hWED 3810
O1DA 0 701A .,to 8 LORGI HWE03820

471 * HWE03830
O.OCr 0000 472 BSS E 0 HWE03840

O]DC 0 0000 473 DC .. 4--... ... ...
01O0 0 0000 474 TEMP2 DC ,-* HWE03860
01DE - 475 .-. ORO *-L HWE03870
0 1D 9A 5D077000 476 XFLC 4.92E7 HWE03880
0.1DE 477 KSUBN EQU TEMP2fl1 HWE03890

478 * ENGINE SPEED HWEO3900

01E0 0 0000 480 DC 0 HWEO 3920
0DE1 Q 5F41 481 DC /5F41 HWED 3930
01E2 0 0000 482 TUSTN DC .- * HWE03940
01E3 0 0000 483 R.AWN DC *-* HWE03950

484 LORG HWE03960
01E4 0 7F80 485 + DC /7F80
O0E5 0 007F 486 + DC 17•
01E6 0 8000 487 + DC /3000
01E7 0 IFFF - 488 + DC /7FFF
DIE8 0 4000 489 + DC /4000
01E9 0 2000 490 + DC 12000
OIEA 0 O05A 491 + DC 90
_61Flfl0 Or~ 492 + DC 0
01EC 0 1000 493 + DC /1000
btbo 0800 494 o+ DC " /0800 ....
02EE 0 0400 495 * DC /0400
QIEF 0 DOFF 496 + DC /" ODFF.
01FO 0 OOAA 497 + DC dOOAA
OIF1 0 EC78 498 + DC -5000
OIF2 0 1858 499 + DC 7000
01 F3 0055 500 Doc . 1C--5-O----------- . ... ...
01F4 0 O00A 501 + DC 10
OIF5 502 LORGI EQU * HWE03970

503- * -W.E0398_0
504 * ANALOG VOLTCAE ADJUSTMENTS HWE03990
505 * STRIP 3 HWFO400C

01F5 0 (C31_2 506 ANALT LD 3 P18 HWE04010
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O. F6 0 0292 507 STo - VTI1O - -HWE04

OIF7 0 C313 508 LO 3 P19 - HWEO.4030
IF80 0291 509 STO 2 VTI1X HWEO4040

01F9 0 C314 510 L 0 3 P2O HWE04050
OIPA 0 0290 511 STO 2 VTI,2 HWE04060
O1FB 0 C315 512 LO 3 P21 HWE04070
OIFC 0 028F 513 STO 2 VT113 HW FO4••-0
OlFD 0 C316 514 L0 3 P22 HWEOLO9O
OIFE 0 D28E 515 STO 2 VT114 HWEO4100
OIFF 0 C317 516 LO 3 P23 PWEO4110 .

0200 0 028D 517 STO 2 VTI5" HWE04120
0201 0 C318 518 LD 3 P24 . ... .. HWE04130
0202 0 028C 519 STO 2 VT116 HWEO4140
0203 0 C319 520 LD 3 P25 HWE04150
0204 0 D288 521 STO 2 VT117 HWE04160
0205 0 C31A 522 LD 3 P26 HWE04170
0206 0 028A 523 STO 2 V-118 HWE04180

.. !24 * STRIP 4 HWEO4190
0207 0 C31B 525 L0 3 P27 .. . .. HWE04200
0208 0 0289 526 STO . VTII19 HWE04210
0209 0 C31C 527 LD 3 P28 HWEOF4220
"020A 0 0288 528 STO 2 VTI20 HWE04230
Q020 0 1;310 529 LD 3 P29 .. -W EO4-246-
020C 0 028? 530 STO 2 VT12. HWE04250
020D 0 C31E 531 LID) 3--P30 HWE042.6-
020E 0 D286 532 STO 2 VT122 HWE04270
020F 0 C31F 533 L0 3 P31 HWE04280
0211 0 D285 534 ST1 2 VT123 HWE04290
0211 0 C320 535 LO 3 VT2 HWE04300
0212 0 D28' 536 STO 2 VTI24 HWC94310
0213 0 C321 537 LD 3 P33 HWE04320
0214 0 D28V 538 STO 2 VT125 HWE04330
0215 0 c322 539 -D 3 P34. HW-Ed-43 40
0216 0 D232 540 ST0 2 VT126 HWE04350
0217 0 0323 541 L0 3 P35 HWE04360
0218 0 0281 542 STO 2 VT127 HWE04370
021B- 0 CO'O 945 ......... L. HWE04380
021A 01 (4000141 544 STO L TRIMS HWE04390

021C 545 ENOTM EQU ... ... . RuE ,4,0 0-
546 ' STRIP 5 HWEO4410

021C J C324 54t L0 ; L " OP/P . EK- HWE04420
0210 0 9264 548 ST0 c- rdT22" HWE04430
021E 0 C325 549 .... LD. -.. P17-- .. - HWE04440
021F 0 0265 550 STO 2 VT228 HWE04450
0220 0 C326 551 LD 3 P38 SPARE HWE04460
,'221 0 0266 552 S"0 2 VT229 HWE04470
0222 0 C327 553 LO 3 P39 P3 EK14 HWE04480
0223 0 D267 554 STO 2 VT230 HWE04490
0224 0 C328 555 .--... ]P . ...... EK1-5WE043O .
0225 0 0268 556 ST0 2 VT231 HWE04510
0226 0 A054 557 M =20000 HWE04520
0227 0 1081 558 SIT 1 HWE04530
0228 0 029A 559 CTO . VTIo2 PB-d1O9XPSI HE04540
0229 0 £329 560 LD 'I P41 OP EKI5 HWEO4550
022A 0 0269 561 STO .. T..E............................... WE45
0228 0 A050 562 M z30000 HWE04570
0220 0 1081 563 1 HWE04S80
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022E 0 0299 564 STO 2 V7103 OP=ioo(xPSj HWE04590
022E 0 C3A. 565 LD 3 P42 P2 EK15 HWE04600
022F 0 026A 566 STO 2 VT233 HWE04610
OMlQ 0 A04C 567 M =25000 HWE04620
0231 0 1081 568 SLT 1 HWE04630

570_ _ STO .2 VTI04 .P2l0gDOxps5 .. .WEDA640
0233 0 C328 570 LD 3 P43 P23-P2 EKi5 HWE04650
0234 0 026B 571 STO 2 VT234 HWE04660
0235 0 A048 572 M =15000 HWE04670
023,6 0__D297 - 573 STO 2 VT105 P23-P2',OOXPSI HWEO46800237 0 C32C 574 LD 3 P44 POSITION EKi5 HWE04690

0.238-0 -26C, -575- STO 2 VT235 HWEQAIQO
576 * STRIP 6 HWE04710

__3.,. CM2D 577 L 3 P45 N ANALOG EK,15 HWE04720
023A 0 D26D 578 STO 2 VT236 HWE04730
-923B C C32E 579 LO 3 P46 P24-P2 FK15 HWE04740
023C 0 DZ-E 580 STO 2 VT237 HWE04750

o..._ o ..... 581 . , =15000. HWE04760
023E 0 D296 582 STO . vT106 P24-P2=jOOXPSI HWE04770
023F 0 •C32_F' 583 LD 3 047 P2b-P2 EKI5 HWFO4780
0240 0 D26F 584 STO 2 %7238 HWE0479n
0E41 0 A03C 5ý5 M =L5000 HWED4800
0242 0 0295 536 STO 2 VTI?7 P25-P2=IOOXPSI HWE0481O
0243 0 C330 587 .0 3 P48 P5 __ EK15 HWE04820
0244 0 D270 588 STO 2 VT239 HWE04830
0245 0 A039 589 M =10000 HWE04840
0246 0 D294 590 STO 2 VT108 PS-10OXPSI HWE04850
0247 0 C331 591 LD 3 P49 PO EKi5 HWE04860
0248 0 D271 592 STO 2 VT240 HWE04870
0249 0 A033 593 M =25000 -. .HWE04880 -

024A 0 1081 594 5LT 1 ... .HWE048900248 0 D093 595 STo 2 VT109 PO=1000 PSI HWE04900

024C 0 C332 596 L0 3 P50 P/P EK15 HWE04910
024D.0 D272 597 STO 2 VT241 HWE04920
024E 0 C333 593 L0 3 P51 EKIS HWEO49$)
024F 0 0273 599 STO 2 VT242 H.W FO04940
0250 0 C334 600 LD 3 P52 EK15 HWE04950

D02510 0274 601 STO 2 VT243 HWE04960
0252 0 C335 602 L0 3 P53 EKi5 14WE04970
0253.0..275 603 STO 2 VT244 HWE04980

604 * STRIP 7 HWE04990
0254 0 C536 6.05 L 3 P54 2 .EK18 HYEO5000 0
0255 0 802A 606 A =19520 HWES0610
0256 0 D276 607 STO 2 VT245 HWEO5020
0257 0 A029 608 M =20480 HWE05030
0.58 .0 9029 609 S =4600 HWEO 5040
0259 0 D2A1 610 STO 2 VT095 T2=lOxF HWE05050025A 0 C337 . ..611 LD 3 P55 T3 EKl,18 HWEOO5.060j

3258 0 8024 612 A =19520"
025C 0 0277 613 STO 2 VT246 HWEO 5O 70

0250 0 A023 614 M =20480 HWEO 5090
025E 0 9023 615 S =4600 HWE05100
025F 0 D2AO 616 ST0 2 VT096 T3=IOXF HWE05110
0260 0 C338 617 L 3 P56 T4 EK18 HWE05120
0261 01 A4000283 618 M L =4000

S0263 01 AC000284 619 D L =10R13S E0265 01 84000285 620 A L =1645
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0267 0 D29F 621 STO 2 VT097 T4,IOXF HWE05160
_0168 0 C339__ 622 ___- 3 P57 T5 .. KLtHHWEQ557TO

0269 0 801C 623 A =6100 HWE05180
~9 & 29 624 SiTO xl8 Z -T~ __ -- - -

0268 0 9016 625 S 4t600 rtWEO 5200
026C 0 029E 626 STO 2 VT098 T5=1OXF HWE05210
0260 0 C33A 627 LD 3 P58 PLAl EK18 HWE05220
026E 0 D27A 628 S5O 2 VT249 !HWEO 5230
026F 0 C33b "LO - 3 P59 PLA2 EK18 HWEO5240
0270 0 D278 630 STO 2 VT250 HWE05250
0271 0 C33C 631 L-----t FAD-LAG SIGNAL EK18 HWE0520O
0272 0 D2TC 632 STO 2 VT251 HWE05270
0273 0 C330 633 LO 3 P61 EKIS HWE05280
0274 0 D270 634 STO 2 VT252 HWE05290
0275 0 C33E 635 LD 3 P62 EKIS HwE05300
0276 0 D27E 636 STO 2 VT253 HWE05310

637 * 64TH 0 HWE05320
0277 0 C33F 638 LD 3 P63 HWE05330
0278 0 027F 639 '3T-o 2 VT254 HWE05340
0279 0 7000 -D 640 _GaTO1 ....... HWE05350

641 LORG HWEQ 5360
027A 0 0032 642 +. DC 50 .... . . ..
0278 0 4E20 643 + DC 20000
027C 0 7530 644 + DC 30000
"027D 0 61A8 645 + 0C 25000
027E 0 %98 646 + DC 15000 . .
027F 0 2710 647 + DC 10000
0280 0 4C40 648 + DC 19520
0281 0 5000 649 + OC 20480
0282 0 11F8 650 + DC 4600
0283 0 OFAO 651 + DC 4000
02864 0 2A3D 652 + OC 10813
0285 0 0660 653 + OC 1645
0286 0 170M4 654 + D. OC 6100
F2-#T- 655 GDT-O1-I *-U HWE0 5370

656 * POWER REQUEST HWEO53RO
UZU. u zFo 657 LO 2 VIO01 IDLE SPEED ]RIM HIfwff3!q
0268 0 1883 658 SRT 3 0HWO 5400

a0289 0 W06E 659 A =7950 -- WF" -)4-1-0--
028A 0 D218 660 50 2 VTISI HWE05420
0288 0 C2FE 661 LD 2 vfool2. MAX SPEED TRIM HWE05430
028C 0 1883 662 SRT 3 HWEO 5440
0280 0 8068 663 A =16542 HWE05450
028E 0 0219 664 STO 2 VTI52 HW_05460
023F 0 C27A 665 LD 2 VT21+9 POWER LEVER .. .HWEO5--
0290 0 1881 666 SRT 1 HWE05480
0291-•- 8-0 6- A -7212 HWE05490
0292 0 0217 668 STO 2 VT150 HWE05500

669 SELECT HIGH HWEOS510
0293 0 8218 670 CMp 2 VT151 HWE05_20
"0294b 1002. 671 . .D. X . ,2 HWE05530
0295 0 1000 672 NOP HWEO 5540
0296 0 C218 673 LD 2 Vt•S. HiE05i0

674 * SELECT LOW HWEO 5560
0297 0 8219 675 CMP 2 VT152 HWE05570
0298 0 C219 676 LD 2 VT152 HWE05580
-01960 10-0 . 7 .... - HWE05590
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029A 0 0201 678 STO 2 VTI!Fj HWE05600
0298 q C2FC 679 LD 2 VTOGA. HEO5S610
029C 0 905E 680 S =64 HWEO 5620
029D 01 4C2802C2 681 BN SAM1 HWEO5630
029F 9 CZF8 682 L0 2 VTO05 HWE05640

._D_0ZAC.P_ _1U89 --- . --3 . - ._. -I -.... _ - A t
02A1 0 0206 684 SI0 2 VT,3Z HWE05660
02A2 0 r2FA 685 LD 2 VTO0G HWE05670
02A3 0 A268 686 N 2 VT231 :IWE05680
0.A4 0 1885 687 SRT 4 _. HWE05690

688 * SELECT HIGH HWEo 5700
02A5 0 820,K 689 _ _. 2 YT1•3 HWE0-5710
02A6 0 7002 690 MDX *+2 HWE05720
02A7 0 1000 691 NOP HWEO5730
02A8 U C206 692 L 2 V77133 HWE05740
,,0 2A99 0 021A 693 STO 2 VT153 ........ HWEO5750

"O2AA 0 C2F9 694 LO 2 VT007 HWE05740
02AB 0 1889 695 SRT 9 HWEOS7TO
02AC 0 0207 696 STO 2 VT13,, HWEG5780
02AD 0 C2F8 697 LD 2 vTOi8 ... HWE05790
O2AE 0 A268 69d M 2 VT231 HWEO5800
OZAF 0 1886 699 SRT M HWEO8I10

700 SELECT LOW HWE05820
-.- 02600 5207 701 M__ P 2 vT134 HEOI8,Q.

0281 0 C207 702 LD 2 VT134 HWEO5840
Q 2-0.. 10_QQ .. 70 03 .......- NOR- . IEO 5 0.0
0283 0 0218 704 STO 2 V'154 HWE05860
024 0 201 .. 705 LD 2 VT128 HWE0 5870
0285 0 9205 706 S 2 VU132 HWE05Q80
-- kDZL86. 0 . . 707 A1STQ_ 2 VTJ..__ .... ... HWE058gfl

708 * SELECT LOW HWE0 5900
-.92-5-7Z-0 L 2 _A . 799 ........ 5910.._2.T1_5_3--------.... E05..
0288 0 C21A 710 10 2 VT153 HWE05920
0289. 0 0.7.1 NOP HWE0 5930
02BA 0 0203 712 STo 2 VTnio HWE05943

"713 * SELECT HIGH HWE05959
0288 0 621B 714 CMP' i VT15. HWE05960
028C 0 7002 715 MuX *+2 HWE05970
-02B 0 10jU 716 NOP HWEO5980
O2_E 0 C021 717 L U 2 VT154 HWEO 5,lO
028F 0 0204 718 STO 2 v1131 HWE06000
02co 0 8205 119 ,_ 2 VT132 HWED6OI0.-. 02CI 0 "I001 7- I 85 SAM2 HWEO6023
02C2 0 C201 728 S STMO1.0 2 VT128 HWEO1030
02C3 0 0205 722 SAM2 S 2-t0 ,. VT132 . . . HWEO0604qO2C4 _0 C276 723 LD 2 VT24+5 HWE06050

. . .. . . .. . ... . . .. ..02C 0 i 6 9036 7-4 • .... . ... -i- • . . ... ... . .. .... . .. .. . .... . HWEO 60 60
1QZ•0C6 0 AOBA 725 M4 =204'e80 HWEO 60 70

02C7 0 1081 726 SLT 1 HWE06080. 0C8 0 8034. 727 A ==1554.2 _HWEO6Og0_

02C9 0 021C 728 STO 2 V 6155 HWEO _0.__ •i .' .. ... 729 SL.LECT LOW ... .. ... . ... . . . ... . . . . .. HWE0O6110
.•. •, 2C 0 205 73 CN 2-VTI32Y_ HWE06l1•0

02 OCB 0 C205 - 31 LD 2 VT132 HWEC-6,.•,O
""•02CC 0 15000 732 NCI) HWE0 614•0

• : • 02CD_0 0 D21D -733 S O 2 V 56HWEn6 IS50

734 SPEFD CONTROL
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02cE 6 c6zF 735 LD ' -1600 HWEO6170
736 * SELEOT LOW HW•06180

02 4.F 0 5260 737 CLP 2 vTZ36 HWE06190
02D0 0 C260 738 LD0 . 2._VT236 -H. HWEOt?0_O
02D1 0 1000 739 NOP HWE06210
0202 0 821E 740 A 2 VTI57 HWE06220
0203 01 4CZ8209 741 BN NEGI SPEED HWE06230
02D5 0 9029 742 S _ =800 _CONPARISON . HWE0240
0206 01 4C3002GC 743 BP POSl HWE06250
0208 0 7007 744 B .. SA3 .HWEC' 6260
02D9 0 8025 745 NEG1 A =800 HWE06Z70
02DA U1 4C3002E0 746 BP SAM3 HWEO62BO
02DC 0 C26A 147 4 OS1 10 2 VT233 HWE06290
0200 C A022 748 M . =8873 ... HWE06300
O2DE 0 1020 749 SLT 4 HWEo6'A10
O2DF 0 7001 750 8 - SAM4 '-HWE06320
02E0 9 C020 751 SAM3 LDo -2i0oo .4WE06330
,02E 0 D2iF -752 SAM4- STO 2 VT158 HWE06340

"753 * HWE36350
02E2 0 C2F7 754 LD 2 VTO09 HWE06360
02E3 0 801E 755 A "=o-13 HWEo370
02E4 01 4C3002F3 756 BP NOUT HWE06380
0,2E6 0 COlA 757 LD =21000 HWE06390
02E7 0 0235 758 STO 2 VTI8O INPUT POINT OF VALVE POS HWEO6400
0625E8 0 C219 759 LD 2 VT156 HWE06410
02E9 0 921E 760 S 2 vTI57 .. . NWE06420_"
02EA 0 D220 761 STO 2 VT159 HWE0643U
02EB 0 AZFD 762 M 2 VTO03 HWEO i440
OZEC 0 1082 763 SI.T 2 HWE06450
02ED 0 D221 764 110 2 VT160 HWC06460
02EE 0 C2F6 765 LD 2 VTO1O HWE06470
02EF 0 1882 766 SRT 2 HWE06480
02F0 0 8221 767 A 2 V'i6O HWE06490
02F1 0 0222 768 STO 2 VT161 HWE06500
O2F 0 7004 769 8 WFP3 HWE06510

770
- -Y7-7 - 41

72772

774 * _

775 -CALL HONEYWELL CONTROL PROG
02F3 U C07 776 NOUT 1-0 -2000u HWE06520
U RF 0 0222 777 STO 2 VTI61 HWEO6530
02F5 30 08985053 778 CALL HWECT

779 t

78? *0

... 7d3 *- -_ _ _ _ _787.

)2-.7 785 WFP3 EQU * HWEO 6540
0257 0 700B 786 a GOTu2 HWE06550

787 LORG HWE06560
02F8 0 IFOE 788 + Cc 7950
6a•i9 Z ZO§ 9 7. 9 ; C 16542
02FA 0 IC2C 790 + DC 7212
02F8 0 0040 791 r DC 64
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02Ff. 0 3160 792 + DC 12640 .
02FU 0 3C86 793 _+ DC 1r542
02FE 0 F9CO 794 + DC -1.500
02FF0 03Z0 795 + DC 800
0300 0 22A9 796 + tC 8873
oSM'. 0 5208 it"t- + . D C 2.1o0Q0- --..
0302 0 FF85 798 + DC -123
0303 799 GOTO2 EQU * HWEO6570

800 * THIS FOLLOWS BENO6220 HWEO6580
C.. . ... 801 * TEMPERATURE TRACK COMPUTE HWE06590

0303 A C276 802 LD 2 VT245 T2 HWE06600
0IA_.._. 30_ .90t3 S =18 320 11 Za5-..O.fGRIEE S- -f HHE066,0
0305 01 4C300422 804 Bp L T2125 HWE06620
0Q307 0.L-_. icF7 805 A =800 25 DEG F HWE06630
0308 01 4C3003E1 806 BP L T2100 HWEO 6640
03-OA-.... 80F4 807 A =800 HWEO6650
0308 01 4C.i00386 808 3P L T275 HWE06660

A =800B - .- HWEObfbVQ
030E G1 40300381 810 BP L T250 HWE06680
0310 0 80EE_. 8al1 =800 HWE06690
0311 01 4C30033F 812 BP T225 HWE06700

813 * ZERO DEGREES F TRACK HWE06710
S0313 0 CE7 814 LD 2 VT025 HWE06720

0n31 0 188m 815 SRT 5 HWE.0.a730
0315 0 8054 816 A =15715 HWEO6740
0316 0 921E 817 S 2 VT157 HWFO6750
0317 01 4C300:1E 818 SP PAH4t HWE06760
0319 0 A051 B19 M =24800 HWE06770
S03A 0 -1084 820 SLT 4 HWEO6780
031B C 8050 821 . .A =19500 ... .. HWE06790
031C 01 4CO00440 822 B L MAXWP HWE06800
0...31F.. 0 .- CO4E ... 823 PATH,'4 LO =13234 HWEO'B1O
031F 0 921E 824 S 2 VT157 HWiý06820
0320 01 4C-0032"7 825 BP PATH3 HWE06830
0322 0 A048B 816 H =0 HWE06840

032F3 004 827 S.T HWE06850
3 0 80 8HWE06860

0325 01 4C ,_00044D 829 B I MAXWP HWE06870
(03.'7 0 9O37 830 PATH3 S =1600 HWEO6880
0328 01 C30032F 3 BP PAT;12 HWF06890
:O2A 0 A045 842 M =-6120 HWEO6O9O
0328 0 1084 843 SLT 2 HwEV6902- ' 02C 080.44 834• A ;-"] 00HWE06?70

C032D Ol 4C0044D 835 a L MAXWP HWF0693r)
,-032F 0 9042 836 PATH2 S =4710 HWEO06940,
•. 0•30 01 4C300337 037 BP PaTHI. HWE0695C7

0332 O A040 838 M -1730 HWE06960

ml0333 C 1084. 815. csLT HWE06970

.0335 01 4COL, 044D 841. B , MAXWP HWE06g94
(337 0 C03C 84+2 PATHI. LD =16000 HWE-07000
0338 0 92E8 34,3 S 2 VT024 HWE07010
0339 0 k2lE b44 M 2 VT157 HWE07020
0O3?A. O A83A- 8. . 45 D -4.963, ... ... . .. .. .. "E0.7030"

--- 033B 0 82PS8 846 A 2 VT024 HWE0704K)
C33,C 01 4.C(--v0044 D 8A 7 B L MAXWP HWF:07050

F4i; 25 DEGREES F TRACK WWFA70A
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033E 0 CG2E7 849 T225 LD 2 VT025 HWE-7070
033F 0 1 F985 .. 850 SRT 5 HWE07080
0340 0 8035 851 A -15797 HWE0 7090
Q03410 918 ....-.. 8fl ...... 2 YflT ...... HWE0 00
0342 01 4C300349 853 BP PTH14 HWE07110
0344 0 A0264 8 -M24#00 H_.- 7O1 _
0345 0 1084 855 SLT 4 MWE07130
0'.6 0 8030 856 A =19000 HWEO7140
0347 01 4C 000440 857. 1 MAXWP . .HWE07150
b o349 0 C023 858 PTH14 LD -13234 ... HE07160

-4A 0 259 n2 VT157 H5EC 7170
0348 01 4C300352 &Jo0 BP PTH13 HWE07180
03411 0 AO2A 861 M .399 H1E407190
034E 0 i084 862 SLT 4 I'WEO 7200
034F 0 8029 863 A -19250 .- 4P07210

0350 01 4C00044D 864 8 L MAXWP HWE07220
0352 0 9027 865 PTH13 S -3309 H W O07230
0353 01 4C30035A 866 OP PTH12 .. HWE07240
0355 0 A025 867 -V -- 5870 HWEO 7250
035660 1084 Off-...SL 4. . H W EO_7_o_.
0357" 0 8024 669 A -14250 HWE07270
0.358 01.4C00044D. J,70 Ba L NAXWP .. . . .HWE07280

035A 0 9022 871 PTH12 S .4549 HWE07290
0358 01 430036Z 87k OP PTHL1 HW-07.3 ......
0350 0 A020 873 M =1570 HWEO'1310.
035E 0 1084 . 874 SLT 4 HWE0732003r 0 801F 875 A =16250 - --- 1O 87•30

63 5:ý- 6 875HWE0 7330
036001 4C,000440 876. . L MAXWP HWE0................. - .1O7340
03620 C0IC 877 PTH11 LD fl6250 HW!07350
0363 0 92E8 878 S 2 VTO24 rWE07360
0364 0 A21E 979 M 2 VT157 HWE07370
0365 0 ASIA 880 0 - 5376 HWE007380

03660rA 2 4......................457390
0367 01 4C000440 882 B L MAXWP HI107400

0369 0 4790 884 + DC 18320

0366 0 60EO 886 + DC 24800

036D 0 3382 888 + DC 13234

0361- 0 ODE9 890 + DC 3561

0371 0 3680 892 + DC 14000
0372 0 1266 893 + DC 4710
0373 0 06C2 894 + DC 1730
01374 0 3Es80 '--- + DC 16000
0378 0 1363 899 + DC 4963
O376 0 1363 897 + DC 4963 _-T

0377 0 4A38 898 + DC IM0000378 0 'O18F " 99 + DC - 3•99 "

0379 0 4B32 900 + DC 19250
037A 0 0CED 901 + - C "33 ..

0378 0 E912 902 + or. -587U
03XC 0 37AA 903 + or - 14250s
0370 0 1IC5 90& + DC 4549
WO 7E 0 0622 90os- + OC 1570

21
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037F 3FTA 0 906 + 1c 16250-. ........... . . .. .. -

0380 0 .500 907 + DC 5376
908 * 50 DEGREE TRACK HWE07420

0381 0 C2E7 909 T250 LD. 2 VTO25 HWF07430
0382 0 1885 910 SRT 5 HWE07440
0 183 1 _P V .. . ..- 911 .. A, - . .-. . . . . ... - M EOI .O - -4

0384 0 921E 912 S 2 VT157 HWE07460
0385 01 4C30038C 913 BP PTH24 HWE07470
0387 0 AOF3 914 M =24800 HWE0 7480
0388 0 1084 915 SIT 4 HWE07490
0389 0 8023 916 A =18500 HWFO7500..

038C 0 COE0 918 PTH24 ID =13234 HWE07520 i A
0380 0 921E 919 S 2 VT157 HWE07530
038E 01 4C300395 920 8P PTH23 HWE07540
0390 0 AOiD 921 M -774 14WED07550
0391 0 1084 922 SLT 4 HWE 07560
0392 0 80E4 _ _923 ..... A -. =19000- - HWf35.70-._
0393 01 4C,00044D 924 8 L MAXWP HWE07580 "
0395 0 9019 925 PTH23 S =3071 HWE07590
0396 01 4C30039D 9e'b BP PTH22 HWE07600
0398 0 A017 927 4 -- 5330 H1WE061.'
0399 0 1084 928 ST 4 HWE07620

-.039A 0 8016 930 A 929 :7-MQQ- _ HWEOb3D--
0398 01 4C.00440 930 B L MAXWP HWEO7640
0390 0 9014 .93n PTH, S- .. - -.73 - HWE07650
* 0;9E 01 4C3003A5 932 OP PTH21 HWE407660
03A0 0 AOl. 933 4 =1404 HWE07670 -

03A1 0 1034 934 IT 44 HWEO07680
_Q.3AP 0 .81 .935 A *- 15QD _,_ HAE ...

03A3 01 4C00044D 936 8 L MAXWP HWE'07700
03A5 0 COOE 937 PTHZ1ILD :b16500 --- HWE07710
03A6 0 92E8 938 S 2 VT024 HWE07720
03A7 0 A21E 939 M 2 VT157 HWE07730
03A,8 0 /ABC 940 0 =5790 .0HWE07140
03A9 0 82E8 941 A 2 VTO24 HWE077_50 i
03AA 01 4C00044D 942 B L MAXWP

943 LORG HWE07770
03AC 0 3E07 944 + DC 15879 -
03AD 0 4844 _ 945 + DC 18500
O3AE 0 0306 946 + .C 774
O3AF 0 OBFF 947 + DC 3071
0380 0 EB2E 948 + DC -53300381 0 3A98 949 + DC 15000

0302 0 1115 950 + DC 4373 7 -

0383 0 057C 951 + DC 146040384 0 ,,074 " -9452'.. + .. .. &c .. .... bb~ .. . . . . ..
03B5 0 1699 953 + DC 5790

954 + 75 DEGREE F TRACK 1H9WE07780

0386 0 CZE7 955 T275 LD 2 VT025 HWE07790
0387 0 -16885-6 956- SART- . 5 H 0WE7800f 0388 0 8054 957 A -15961 HWED7810
0389 0 921 958 2 VT157 HWE07820
"03BA 01 4C3003C1 959 BP -- PTH34 -- HWE0780 O
038C 0 AOAE 960 M =24800 HW FO7840
0380 0 1084 961 SLT 4 HWE07850
03SF 0 804F 962 A m18000 HWEO 7860,

-- --- ---- --
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Table B-13. Bendix Bounds Program (Continued)
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03BF 01 4C00044D 963 B I MAXWP HWE07870
0GC1 0 COAB 964 PTH34 LO .. 13234 HWE0788c
03C2 0 921E 965 S VTIS7 HWE07890
0303 01 4C3003CA 966 BP -. pTH33 3.. JOQD
03C5 0 A049 967 M =1127 HWE07910
03C6 0 1084 968 __ SLT 4 HWE07920
03C7 0 8048 969 A *18"50 HWE07930
03CB 01 4C000440 970 B L.MAXWP HWEO_7940
03CA 0 9046 971 PTH33 S =2823 HWE07950
03C6 01 4C3003D2 972 BP PTH32 HWE07960
03C0 0 A044 973 M *-4710 I4HWE07970
03CE 0 1084 ... 974 SLT 4 , HWE07980
03CF 0 8043 975 A .15500 HWEO 7990
0300 01 4C00044D 976 B L._ M-AXWP_ ..... HWE08OOO
03D2 0 'Y041 977 PTH32 S =4208 HWE80O10
0303 01 4C30030A 978 BP PTH31 . HWEO802O
03D5 0 AO3F 979 M =1215 HWE080 30
0306 0 1084 980 SLT 4 HWEO8040
0307- 803E - - 8t r =g 50 HWEOB050
0308 01 4C000440 982 B L MAXWP HWEO8060
03DA 0 C03B 983 PTH31 L0 *16"(50 HWE0O8O7
03DB 0 92E8 984 S 2 V1024 HWEO8080
03DC 0 A21E 85B - -- -. r. . . . . . HWE08090
030D 0 A839 986 D =6203 HWE08100
03DDE A "2 .. 98T- HWE08110
03DF 01 40C0044D 988 8 L MAXWP HWE08120

989 * 100 DEGREE F TRACK HWEO813k
03E1 0 C2E7 990 T.2100 ID 2 VTO25 ... HWEO8140
03E2 0 1885 991 SRT .5 HWEO8150
03E3 0 8034 992 A z16045 HWE08160
34 0-' 91E . 993 S 2 VT157 HWEO8170

03E5 01 4C3003EC 994 5P PTH44 HWE0818C
03E7 0 A083 995 M "24800 HWEO.190
03E8 0 1084 996 SLT 4 HWFO200
03E9 0 802F 997 A 1'5 ... HWEO8210
03EA 01 4C000440 998 8 L MAXWP HWE08220
03 c0TCl-.c U-660-5--0 . P.. ITD--4 -- i• -- 1.3234 H-W-E08-2 3-0
03EE 0 921E 1000 S 2 VT157 lWE082O40
O3EF 01 4C3003F6 1001 8P . T-H3 HWF08250

03F1 0 A028 1002 M. =1455 HWE08260
03F2 0 1084 1003 SLT 4 HWrOB270
03F3 0 8059 1004 A u18500 HWE08280
03 F4 0I 4C 000440 "10 U-5 9... . - XW-P.
03F6 0 9024 1006 P7H43 S =2573 HWEO8300
03F7 01 4C3003FE 1007 BP PTH42 HWEO831.
03F9 0 A022 1008 M -- 3980 HWE08320
O3FA 0 1084 1009 SLT 4 HWE08330
03FB 0 8021 1010 A =16000 HWE08340
03-FC ODl 4C0004',D- ICC . g L MA'XWW .......... -- .WO-8S0-
03FE 0 901F 1012 PTH42 S =4042 HWE08360
03FF 01 4C300406 1013 SP PTH41 HWEO0370
0401 0 AOID 1014 M =1012 HWE08380
0402 0 1084 1015 SIT 4 HWE08390
0403 0 801C 1016 A -17000 .. WE08400
0404 01 c000044D 1017 B L MAXWp -. HWEO84IOI006 0 C019 1018 PTH41 LD =17000 HWE08420
0407 0 92E8 1019 S 2 VT024 HWFO08430
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Table B-13. Bendix Bounds Program (Continuied)
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0406 0 AIE- 1020- N 2vWT157 - ~ -HWE08440

0409 0 £817 1021 D 06611 HWE08450
40* 0c 2E 1022 A 2 VT024 HWE08460

9S"Dt.M14C#00440 1023 8 L MAXWP HWE08470
1024 LORG H WE0 8480

0400 0 3"59 102:i Q 1,,
04UE 0 4650 1026 + OC I 1SMfo

01 OR7- + DC 112'1
0410 0 493E 1028 + DC 16750
0411 a 0601 1029 + Dc 2623
0412 0 E09A 10630 + Dc -4110

- 413 ff 3C6C -- 013±.. C L5500 ..---

0414 0 1070 1032 + Dc 4208
.. 41&..l4E 1033.+ DC 1215

0416 0 416E 1034 + Dc 16750
04L~1iD - 1035. + Oc 6203

0416 0 3HAD 1036 + Dc 16045
As~tt.A4K ~ 103.Z _t . Dr, . -. 7Q ...- --

041A 0 OSAF 1036 + DC 1455
-0-416 .0 0*00 1039 + Dc 2513
041C 0 F074 1040 + Dc -3980
041C 0 3E8Q 1041 + Dc 16000
041E 0 OFCA 1042 + OC 4042
0Q1Fi0)04f04 DC LQL ..

0420 0 4268 1044 + Oc 17000
0421 0 19D9 1045 + Oc 4617

1046 125 DEGREE F TRACK HWE08490
0422 0 C2E7 1047 T2125 LD 2 VT025 HWE0S500
"1342 0 1665 10-48 SUIT S I*1F08510

- 450 921E 1050 - 2 VT157 HWE0B530
0426 01 4C300420 1051 BP PTH54 HWE08540

048 A 049 1052 M =24800 HWEO8 550
0429 0 1084 1053 SIT 4 HWE08560
042A 0 SOPS 1054 A =17000 HWE08570
0426 01 4C000440 1055 a L MAKWP......... H. .. A WE08580.
0420- 0 05 15LTS D =1-3234 15089
042E 0 921E -1051 S 2 VT157 HWE08600
042F 01f 46306436 1056 Bp PTHS3 HWE08610

-0431 0 A042 . 1059 N -1769 .HWEOR620

0420 04 10606 SIT 4 HWE08630
0433 0 69401 1061 _ A -182n9.............. HI-WE0640
0434 01 4C000440 1062 8 L MAXWP HWE08650
0436 0 903F 1063 - P11453 S x2327 HW4E08660
03437 01 4C30043E 1064- OP PTH5Z HWEO 8670
0439 -0 £030 .1065 14 -- 3080 HWE08680
643Akb 1084 1066' SIT 4 HWE0B 690
0438 0 803C 1067 A x16500 -. . -. .- HWEOSO 10
043C 01 4COOO440 X068 a L MAWPH-W-EO08T-71-
043E 0 903£ 1069 PTHS2 S =3877 HWE087120
04tF 01 4C3600446 1070 OP P11451 HWEO87.'O
0441 0 £036 1011 14 -792 HWEO08740
0442 0 19684 1072 SIT 4 HWEO8 750
0443 0 6037 _ 1013 A -17250............... HWE08760O
"044 061 440600446 1074 B L 4AiAWP HWEOB 770
0446 0 C034 1015 PTH-51 ID -17250 HWE0A87O
0447 0 92E68 1076 S 2 V7024 HWEON 190
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Table B-13. Bendix Bounds Program (Continued)
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0448 0 AZIE 1077 M - 2 VTi57 HWEOO80
0449 0 A832 . 1078 -0 *7030 HWE08810
044A 0 82F8 1079 A 2 VT024 HWEOB820
0440 _(.K000440 .1080 a B L MAXWP HWE08830
0440 0 1882 1081 MAXWP SRT 2 HWE08840

- .9. &Pfl4~4QiL .ilLO �-1. Th_..D-_ •• .. YWEO08850.
1083 * MINIMUM RATIOS COMPUTATION HWEOB860

044F 0 C2E2 1084 LD 2 VT030 HWE08870
. 0450 0 1882 1085 SRT 2 HWEO8880

0451 0 0200 1086 $TO 2 VT140 HWEOB890, Y2~ d- -Cfif ...... -fu-d ... . L6-- 2' Y11f67-. . HWE08900
0453 0 9029 1088 S w7100 ...... HWE08910
0454 0 A2E3 1089 M 2 V1029 HWE08920
0455 0 1881 1090 SRT I. HWEOB930
045h 08200 1091 A 2 VTX40 HWEO8940
0457 0 1882 1092 SRT 2 HWEO8950

0458 0 Do3F 1093 STO 2 VT'i9o HWE08960
.. .. . . .1094 _ 2T17 SELECI HIGH . HWEO970

"0459 0 C21F 1095 HWEOB980
045A 0 8022 1096 CMP -7100 HWEOB990

l0t58 0 7002 1097 MDX *42 HWE0o000
045C 0 1000 1098 NOP HWEO9010

A 0450 0 GOlF 1099 LD *7100 HWEO9020
045F 0 Q011,. 1100 TM HWEo90ýO
04SF 0 COLE 1101 LD *9600 HWEOO4O
0460 0 900F 1102 S TEMP6 HWE09050
0461 0 AOID 1103 M -19650 HWEO9060
0462 0 1082 1104 SLT 2 HWE09070
0463 0 023D 11S5 STO 1 2VlU.s. HWEO90BO

1106 * -- -- SELECT LOW HWEo9090
0464 0 0Cls 1107 -O 6,787 HWE09100

---0465.0 A21E 1108 M 2 Vh?7 1 HWEO9110
' 0466 0 823D 1109 CMP V!88 "- HWE09120

"0467 0 C230D 1110 LD 2 VT188 HWEO91!0
0468 0 1600 1t11 NOP HWE09140O
0469 0 023E 1112 F1TO 2 V1189 HWEO9150

046A 0 823F 1114 CMP 2 VT190 HWE0917O
.-647690 'U62 ..... MDi *+2 HWE09180
046C 0 1000 1116 NOP HWE09190
0460 0 CP3F '0- L 6 2 VTlqO HWEo9200
046E 0 0240 ill8 STO 2 VT191 . MINIMUM RATIOS HWE09210

IT§ .BRANCH TO VALVE CONTROL HWEO9220
046F 0 7011 1120 B CNTL8 HWE09230
"0470 0 0000 1121 TEMP6 DC *-* HWEO924

"1122 LORG HWE09250
0471 0 3F00 11"23 + DC 16128
0472 0 60EO 1124 + DC 24800• ' o04 '3•- 6-- f-2Y . . .. . 2 -- 4-.-- L-.. . 3 •. . .. . .... . .. . . . . . . . . .. . .
0474 0 06E9 1:26 + 0L 1769
0475 0 474A 1127 + OC 18250
0476 0 0917 1128 + DC 2327
0477 0 F3F8 1129 + DC "-3080
0478 0 4074 1130 + DC 16500

-T- -- T23 W• - . . -T-T' -. ' .............
047A 0 0318 1132 + DC 792
0478 0 4362 1133 + DC 17250
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Table B- 13. Bendix Bounds Program (Continued)
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047C 0 1876 1134 + Dc 7030
0470 0 18BC 1135 * DC 7100
047E 0 2580 1136 + DC 9600
047F 0 4CC2 1137 + DC 19650
0480 0 6C27 1138 + OC 27681
0481 - 1139 .. CNTLB EQU * . . ADO.VAL.CDMT0LHKRL HWE920.A .0481 0 C235 1140 L0 2 vT180 THIS WILL BE COMPUTED VALU HWE09270

04820 D235 1141 STU 2 VT18O rROM ADUED CONTROL LOOP HWE09280
0483 0 7000 1142 B VALPO HWE09290
04864 1143 VALPO EQU * HWE09300
0484 0 C2E6 1144 LD 2 VT026 HWF09310
0485 0 A236 1145 M 2 VT81.. WE09320
0486 0 1082 1146 SLT 2
')487 0 0237 1147 STO 2 VT182 HWE09340
0' 88 0 C2EI 1148 L0 2 VT03I H1JE09350
L.489 0 1885 1149 SRT 5 HWE09360
0.'*2 0 804A 1150 A -5320 HWE09370
O4,..) 0 _A268 1151 M 2 VT231 HWE09380
048C- 0 1083 1152 SLT 3 HWE09390
Ott-bC ;'t 0243 1153 STO 2 VT194 HWEO9400
'J/ 35-' C2EO 1154 LD 2 VT032 HWEO9410
04SfF 0 ILBO 1155 SRT 0. HWE09420
0 O4Z020F 1156 STO 2 VT142 HWE09430
O-L9l , C20F . .7. .. - - -Z TQ33............ _ V.................. .. WE ,9'.40.
04V2 ý1 33 3 1158 SRT 3 HWE09450
0493 0 L0eIU 1159 SIC 2 yT143 HWE09460

1160 * VALVE ZERO FLOW TRIM HWF09470*0491,0 C2F5 1,16 L LD 2 VT011, HWE09480

0495 0 188b L.162 SAT 6 HWE09490

0497 0 8032 1164 A .5400 HWE09510
0498 0 D214 1165 ST0 2 VT147 HWE09520

1166 4 MINIMUM VALVE HW2E09530
0499 0 C2E0 1167 MD 2 VTO27
049A 0 A240 1168 M 2 VT191 HWE09550
049B 0 1081 1169 SIT I HWE09560
O2, 0..245 1170 S 2 VT148 HWEO9570
0490 0 1084 1171 511 4 HWE09580
0492 0 0241 1172 .T. 2 VT192 HWE09590
049F 0 8210 1173 CMP 2 VT143 HWEO9600
04A0 0 7002 1174 MDX *+2 HWE09610
04A1 0 1000 1175 NOP HWE09620

1 ELD T 2IGH V...... ........ HWE-09630

04A3 0 0215 1177 ST0 2 VT148 HWFO964004A4 0 C270 1186 D 2V 16+2 HWE0965004A5 0 8222 1179 CMP 2 V1161 SELECT LOW WITH SPEED HW809660
04A6 0 C222 1180 L6. 2 V1161 HWE09670

04A7 0 1000 1181 NOP ____HWFO9680
1182 * SELECT HIGH HWE09690

04A4 0 7ý002 1184 MDX *+-2 HWE09710
O4AA 0 1000 118 MOP HWE09720
04A8 0 CO2 1186 LD --4000 HWE09730

S04AC 0 238 1167 SJTO .-- 2_.V.TL__ .. HWE09740
04A0 0 A243 1188 N 2 VT194 HWt09750
04AE 0 1084 1189 SLT 4 HWE0976004AF 0 0239 1190 STO ,. VT184 HWE09770
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0480 0 B20F 1191 4MP 2 VT42.. SELECT LOW VALVE LIMIT HWC09710
0481 0 C20F 1192 LO 2 V7142 HWE097.O
0482 0 1000 1193 NOP HWEO(' 80
0483 0 D23A 1194 STO 2 VTIa5 HWEO910_
0484 0 821F 1195 CMP 2 V1158 5ELECT LOW WITH N SAFETY HWE09820
0485 0 C2iF 1196 L) 2 VTIS HWE09830
0486 0 1000 1197 MOP HWE09840
0467 0 0238 1198 SWT 2 VT186 HAEW0950Q
0488 0 B235 1199 CMP 2 VT180 SELECT"LOW WITH-CON LOOP HWE09860
0489 0 C235 1200 L0 2 VT180 HWE09870
048A 0 1000 1201 NOP HWE09880
0488 0 023C 120Z STO 2 VT18T7 HGWI MNMU HWE09890
048C 0 8215 1203 CMP 2 vT146 SELECT HIGH WITH MINIMUM HWE09900
048D 0 7002 1204 MDX *+2 HWE09910
0488 0 1000 1205 NOP HWE09920
04BF 0 C215 1206 LD 2 VT148 H WE09930.
04C0 0 D242 1207 STO 2 VT193 HWE09940
04C1 0 8214 1208 A 2 VT147 HWEO9950
04C2 0 0244 1209 ... 0 -- T95. HWE09960
04C3 01 04000585 1210 STO L FUEL HWE09970

1211 .... HWE09
1212 IGV AND $LEED SCHEDULES HWE0999O-0

04C5 0 C276 1213 LD 2 IT245 HWEIO000
04C6 0 9011 1214 S -13440 HWE10010
04C7 0 A011 1215 M -- . 210 . ..... . . . .. .. HWE10020
04C8 0 1087 1216 SLT 7 HWE10030
04C9 0 8010 1217 A =11800 HWE10040
040A 0 U,151 1218 ITO 2 V208 HWE1005O
04C0 0 C276 1219 LD 2 1 'T245 HWEiO60O
04CC 0 900E 1220. .. . 7088 . . . .HWE10070
0400 01 4C28040F 1221 SN SAP,6 HWFI0080
O CF 0 AOOC 1222 M - . .. ..... HWE.10090......
0400 0 1086 1223 fLT 6 HWE1IO 100
0401 0 800B 1224 A *±,J%00 HWE10110J
0402 0 0253 1225 S.0 2 V1210 HWEO1120
0403 0 701C 1226 8 S-AM8 HWE1O130
0404 0 700A 1227 B"... Cd.6.T. H•o 5 10 140

1228 LORG HWEI0150
0405 0 1408 1229 + 0C 5320
0406 0 1518 1230 + DC 5400
0407 0 F060 1231 + DC -4000
0408 0 3480 1232 + 0C 13440
04D9 0 00D2 1233 + o- 21-. -
04DA 0 2E18 1234 + DC 11800
0408 0 42C0 1235 + 0C 17088
04DC 0 01F4 1236 + DC 500
040D 0 3088 1237 + DC 15800
040E 0 0000 1238 TEMPA DC *-* HWELO160
04DF 1239 GDTOSEQU * RWEl0j7o

1240 * HWEIO180
040F 0 C276 1241 SAM6 LO 2 VT245 HWE10190
04E0 0 903A 1242 S =15488 HWEI0200.
04E1 01 4C2804EA 1243 BN SAM7 HWE1O21O
0483 0 A038 1244 M ,128 HWE10220
04E4 0 1086 1245 SLT 6 HW EO12O "3
04E5 0 00F8 1246 STO TEMPA HWE10240
0486 0 C036 1247 LO =16000 HWEIO250

f1
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O4E? 0 90F6 1248 S TEMPA HWEIZ1260
04E8 0 D253 1249 ST[ 2 VT2.O HWE1O270
04E9 0 7006 1250 8 SAM8 HWE10280

2...51.. H IWE10290
04EA 0 C276 1252 SAM7 LD 2 VT245 HWE10300
04E6 0 90EC 1253 .... S =13440 HWE1031O

04EC 0 A031 1254 M =1100 HWE-10320
PO_ 1p .5. ,, _SLT 5 HWE10330

04EE C 8030 1256 A =14900 HWE1034O
04EF e D253 1257 STO 2 VT2o% HWE10350

1258 * HWE10360
04FO 0A. • _.l. A.)8 LD 2 VTO11 .. .. HWE10370
04F1 0 1884 1260 SRT 4 HWE10380

_•_Q.429 ..... ..... ST0 2 VT144 HWE10 390
04F3 0 C2CC 1262 LD 2 VTO52 HWE1O400

__9.FF4O _1884 _ 1Z6. SRT 4 HWE 104+10
04F5 0 8253 1264 A 2 VT210 HWE10420
Q4E__ZLL,_ - ?_05. S 2 VT144 HWE1O43Q
04F7 0 9251 1'66 5 2 VT208 HWE1044O
04F8 0 D0255 1_267 ST0 2 VT212 HWE10450
'0*F9 0 C21E 1268 LD 2 VT157 HWE10460
04FA 0 9251 1269 S 2 VT208 HWE10470
04FB 0 9211 127Q S 2 VT144 HWE10480

1271 SELECT H;GH HWE1Q49Q
OFC 0 8023 1272 CMP =o HWE10500

.0.4FQ 0 7002 1273 MDX *+2 HWE10510
04FE 0 1000 1274 NOP HWE10520

-" F04 0 C020 1 1275 LD =0 HWE10530
0500 0 AO20 1276 M =8340 HWE10540
05001 AA55 0277 D 2 VT212 HWE0O.Q
0l02 0 8OIF 1278 A =5100 HWEI0560

.0503 0 0256 1279 50 2 VT213 HWE.10570
'670504 01 04000586 1280 ,TO L PIGV K-W10580
0506 0 C2CB 1281 LD 2 VT053 HWEi,0390
0507 0 1884 1282 SRT 4 HWE1O600

-- •-,_0508 0 0212 1283 STO 2 VT145 HWE-.0....0_
0509 0 C2CA 1284 LD 2 VT0S4 HWE10620
0SQA 0 1884 1285. SRT 4 HWE10630
0505 0 8253 1286 A 2 VTIO0 HWE.0640
050C 0 9212 1287 S 2 VT145 HWE1O650
0500 0 9251 1288 S 2 VT208 HWE1O660
050E 0 D257 1289_ STO 2 VT214 . IIWEJQO79
050F 0 C21E 1290 LD ? VT157 HWE10680
0510 0 9251 .1291 S i •'1208 HWE 10690
0511 0 9212 1292 S 2 vT145 HWE10700

1293 * SELECT HIGH HWEIO71O
l6 0512 0 BOD 1294" CMP t0 HWr10720
" 0513 0 7032 1295 MDX +.2. HWE10730

05140 10-0 .296 NOP HWE10740
0515 0 CODA 1297 LD =0 HWE10750
0516 0 AOOC 1298 M =5050 HWE 10760
0517 0 AA57 1209 0 2 VT214 HWE1O770
0516 0 8O0B 1300 A =3600 HWE10780

" 051.9.0 D258 _ _1301 STO 2 VT215 .......... HWE1079o
1302 * HWE1O800
1303 * STORE HERE IN BLEEU IF SEPERATE CONTROHWEIO810
1304 * OF THE BLEEDS IS DESIRED HWE1020
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1305 * QAC 2 IS NOW USED FOR VTXXX OUTPUT HWE10830
1306 H .. HWE1040

-051 0 TOOA 1309 0 OC 15488

-•051e 0 0080 --L31 0 + DC 128
0510 0 3E80 1311 + OC 16000
05.E 0 044C 1312 + DC 110 .O0
051F 0 3A34 1313 + DC 14900
05200 0000 1314 + DC 0
0521 0 2094 1315 + DC 8340
0522 0 13EC 1316 + DC 5100
0523 0 138A 1317 M D: 5050
0524 0 DE10 1318 + DC 3600
0525 1319 G0T6'f& ECU .... -* .. .. 8EN10426

1320 . NOZZI E CONTROL HWE1O850
0525 0 C049 1321 LD =9250 BEN80430
052.._0 9210 1322 S 2 VT156 .- ENO440O
0527 0 A048 1323 =14320 BEN10450
0528 0 ")83 1324 SLY.. 3 --.D .9..0
0529 0 8047 1325 A =13740 BEN10470

SEE132 - * -EIET LOW• .. . ... .. EN10480
052A 0 8047 1327 CMP &12200 BEN 10490

-"0525 0 C046 !348 LO =12200 BEN1050f
052C 0 1000 1329 NOP BEN10510
052D 0 DfZA 1330 STO, 2 VT2J.7 ... .VN0217
052E 0 C044 1331 LO =16042 BEN10580
052F 0 921D 1332 S 2 VT156 ......... 1EN10590

1333 * SELECT LOW BEN10600"0530 0 BOEF 1334 CMP -0 BEN1O610
0531 0 GOEE 1335 LO E0 8N10620

- .0532 0 1000 1336 NOP ............. .EN10630
05330 , 040 I £Y--T U6 iB 6EN 1640
0534 0 1084 1338 SLT 4 SEN10650

-2-VT--55BEN 10660
_ _ _ 1340 * SELECT HIGH

0536 0 B25A 1341 CMP 2 VT2. 8EN,10680
0537 0 7002 1342 MDX **2"--5'"w -0 -r0-0 r-- -- _ _-- ....... ..
0539 0 C25A 1344 LD Z VT217
053A 0 0258 I-4-5 ST, ? VT218 BEN10710-

1346 TEMPERANCE CONTROL BENlO720
0538 0 C279 1347 LD 2 VT240 BEN10730
053C 0 92C8 1348 S 2 VT056 BEN10740

1349 4SELECT HIGH BEN 10750
0530 0 BOE2 1350 CMP =0 -ENIOl76
053E 0 7002 1351 MOX *+2 BENO 0770
053F 0 1000 1352 NOP - BEN10780
0540 0 CODF 1353 LD =0 BEN1O790
0541 0 A2C7 1354 4 2 VTO57 BEN10800
b'542 0 1O8' 1355 ". SLT 4 .SENlOBIO
.0543 0 8 825B 1356 A 2 VT2)8 BEN10820

-11 ST *-SELEtC HIGH . BEN10 830
0544 0 8258 . 1358 CMP 2 VT218 BENi,0840
0545 o 7602 1359 MDX *+2 BENlOB50
0546 0 1000 1360 NOP BEN)O d60
0547 0 C258 6.1361 . LD 2 VT218 BEN 10870

220



Table B-13. Bendix Bounds Program (Continued)

0548 0 D25C 1362 STO 2 VT219 BEN10880
0549 0 D03E 1363 STO NOZ BEN10890
054A 0 C2E4 1364 LD 2 VT02O THIS GOES IN THE BOUNDS
0548 01 940002F8 1365 S L a64 PROGRAM AT ADDRESS DONE
054D 01 4C200551 1366 BNZ DONE IF VT028=64 NW NOZ IS IN
0-4_F-.Q - .CZAE .. 13- . LD- . 2 1YO83- 1 LF _J 0N.M _ 6-4-ENDX I N .
0550 0 D037 1368 STO NOZ
0551 1369 DONE FQU * HWE11220

1370 * HWF11230
1371 * HWE11240

0551 30 040565C0 1372 CALL DAOP HWE11250
0553j1 057A 137 0 DC LST . ____HWE11269

1374 * HWE11270
1375 * FOLLOWS BEN110 . . . HWE11280 0;
1376 * LOOP DETERMINATION HWE11290

0554 0 C242 1377 LD 2 VT193 HWEI1300
0555 0 901F 1378 S =20 HWEII31o
0556 0 9215 1379 S 2 VT148 __ HWE11320
0557 01 4CZ80561 1380 BN NEGA HWE11330
0559 0 C242 1381 LO 2 VT193_ H.E11340
055A 0 801A 1382 A =20 HbWiE 11350
0558 0 9239 1383 S 2 VTI'. HWE11360
055C 01 4C300564 1384 BP POSA HWEI1370
055E 0 C286 1385 - k ,2AUV.T .V_ Q7411380
055F 0 D263 1386 STO 2 V1226 HWE11390
0,560Q 7005 1U8U..............Coa. - -

0561 0 C014 1388 NEGA LD =-3200o MIN CONTROL -SV OUT HWE11410
"0562 0263 . 1349 . ST1 . 2.V.T1Z6 . . . HWE11420.
0563 0 7002 1390 8 CONI HWE11430
0564 0 C012 1391 POSA =320_Q MAX jgNTROL__.[ 5V _ ( ... _RHWElI440
0565 0 D263 1392 STO 2 VT226 HWE11450
0566 1393 CON1 EQU * HWE1146D.

1394 * HWE11470
0566 0 0811 _1395 XIO -CEOFF HWE11480
0.67 6-50- 03-oooooo 9 6 XR LOX Li *-* HWE11490
0569 00 66000000 1397 XR2 LDX L2-*-_ HWE11500 3
0568 00 67000000 1398 XR3 LOX L3 *-*HWE115
0560 01 4C800000 1399 BSC I GTECT HWE.1 15.2,0

1400 LORG HWEII530
056F 0 2422 1401 + DC 9250
0570 0 3 ?FO 1402 + - =DC - 4--I4320
0571 0 35AC 1403 + DC 137400572 0 2FAD 11404 + DC 122)00i

0573 0 3EAA 1405 + DC 16042
051' 0 70E4 1406 + OC 28900
0575 0 0014 1407 + DC 20"---516 --0 -8300-- . 14-08----+ . . .D. -32000
0577 0 7000 140S9 + DC 32000
0578 0000 1410 CEOFF 85S E 0 HWE11540

.0578 0 0000 1411 DC 0 ........... . HWE1•550
579 0 0 1412 DC E400 HWE1i560

S1413 8 . . HWE1157O
0TAo 0000 1414 DAIST DC 0 HWE11580
.057 0 0000 1415 Dc 0.
057C 0004 1416 85S 4 HWEi1600
0580 0 0000 1417 DC *-* HWE1IU11
0581 0 3000 1418 C /3000I . .
0582 1- 0583 1419 DC AOLST HWE11630
0583 0 0006 1420 AOLST DC /0000+6
0564 0 0000 1421 AP* ' D -- --..

0585 0 0000 1422 FUEL DC -
0586 0 0000 1423 PIGV DC -

S058.7 0 0000 1424 BLEED DC _ -*...
o58 as 000 1bo 425 NOZ D -
0589 0 0000 1426 ALOG4 DC .#-

•- • 1427 •. .... ..... . . ..... . . . . HWE1175;' 0
. ]428 HWE11760

142 221 H~i7,



Table B-13. Bendix Bounds Program (Continued)

0000 1431 P00 EQU 00 HWE11820
0001 1432 POI ECU 01 HWE11830
0002 1433 P02 ECU 02 HWE11840
0QL 1434. P03 EQU 03 HWEI1850
0004 1435 P04 EQU 04 HWE11860
0 . J,-.. PQ _ EQU 05 . . . .. HELLBD .
0006 1437 P06 EQU 06 HWE11880
0007 1438 P07 EQU 07 HWE11890
0008 1439 P08 EQU 08 HWE11900
0009 1 . _440 - P09 EQU 09 HWE1I910
000A 1441 PLO EQU 10 HWE11920
0008 1442 Pll ECU 11 HWE.1930-
000C 1443 P12 ECU 12 HWE11940

A. . -- P13- EQU 13 HWE11950
OOOE 1445 P14 EQU 14 HWF11960

OOOQF 1446 P15 EQU 15 HWEl970
0010 1447 P16 EQU 16 HWEI198S
0011 .. 1_4b.8 . 17. EU" 17 HAE11990
0(12 1449 PI8 EQU 18 HWr: 12000
0013 1450 P19 EQU 19 HiE12010
0014 1451 P20 EQU 20 HWE12020
0015 1452 P21 ECU 21 HWC12030
0016 1453 P22 EQU 22 HWE12040
0017 -1454 P23 EQU 23 H HWEE1205-.-,
0018 1455 P24 ECU 24 HWE12060
0019 1456 P25 EOU 25 HWE12070
001A 1457 P26 EQU 26 HWE1OSO
0018 1458 P27 EQU 27 HWE12090
O01C 1459 P28 ECU 28 HWE12100
O01D 1460 P29 ECU 29 ... HWE1!Q2I
OOIE 1461 P30 EQU 30 HWF12120
001F 1462 P31 ECU 31 HWE12130
0020 1463 P32 ECU 32 HWE12140
0021 1464 P33 ECU 33 HWE12150
0022 1465 P44 ECU 34 HWElZ16O
0023 1466 P35 ECU 35 .H.WE1217.0._
0024 1467 P36 ECU 36 HWF12180
0025 .. 1468 P37 EQU 37 HWE12190
0026 1469 P38 r:U 38 H4EI2200
0027 1470 . P39 EQU 39 HWE12210
0028 1471 P40 ECU 40 HWEI'220
0029 -147-2- P41 ECU 41 MWE 12V.30
0026 1473 P42 ECU 42 HWE12240
002B . 1474 P43 ECU 43 HWE12250
002C 1475 P44 EQU 44 HWE12260
002D 1476 P45 EQU 45 HWE12270
002E 1477 P46 ECU 46 HWE12280
O02F 1478 P47 ECU 47 HWE12290

0-.4.r97- P48 EQU 48 .HWE12300
0031 1480 P49 ECU 49 HWE12310
0032 1481 P50 ECU 50 HWE12320
0033 1482 P51 ECU 51 HWE12330
0034 1483 P52 ECU 52 HWE1234O
0035_- - 1484 _ P53 ECU 53-.. HWE12350
0036 1485 PS' ECU 54 HWEl2360
0037 1486 P55 EQU 55 HWE12370
0038 1487 P56 ECU 56 HNE12380
0039 1488 P57 EQU 57 HWE12390
003A 1489 P58 EQU 58.. . HW240
0038 1490 P59 EQU 59 HWE12410
003C 19.1 P0 ECU 60 149.. -... ,EI.4_O
003D 1492 P61 EQU 61 HWE12430
003E 1493 P62 ECU 62 HWE12440
003F 1494 P63 ECU 63 HWEl24 :0

1495 * HWE12460
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Table B-13. Bendix Bounds Program (Continued)
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1497 * TRIM VALUES .iWEI2A. •
1498 * STANDARD TRIMS XRL HWEIZi90
1499 * ANALOG TRIM EQU HWE12500
1500 * COMPUTED VALUES EQU HM4E12510

0001 1501 VT128 EQU .1 SPEED REQUEST HWE1Z52O
_ . ..... L E5J T29 FQUL__+2 SPEEL aE§J fRRnR F-nR MNTEc.SRATmWFI j%-4n

0003 1503 VT130 ECU +3 SPEED ,REQUEST INTEGRATION UP 4WE12540
0004 1504 VT131 EQU +4 SPEED REQUEST INTEGRATION DOWN HWE1255O
0005 1505 VT132 EQU +5 INTEGRATED SPEED REQUEST HWE12560
0006 1506. VT133 EQU +6 LIMIT UP HWElZSTD
0007 1507 VT134 ECU +7 LIMIT DOWN NWE12580
0008 ______ F5..0T8.3 U _S +8 SCALED BASF RATIOS FIGI-5 HNWE17590
0009 1509 VT136 ECU +9 SCALED START INTERCEPT FIGIO-7 HWE12)OO
COCA 1510 VT137 EQU +10 SCALED THIRD RANGE FiGIO-7 NWEIZ610
0008 1511 VT138 EQU +11 SCALED INC INTEGRATION F]GIO-8 HWEI2620
O00C 1512 VT139 EQU +12 SCALED DEC INTEGRATION FIGIO-8 HWEI263)
000D 1513 VT140 ECU +13 SCALED MINIMJUM RATIOS HNWEIZ6AO
OOOE 1514 VT141 ECU +14 ZERO FLOW ADJUSTMENT HWEEj650
0OOF 1515 VT142 ECU +15 MAXIMUM VALVE SETTING HWE12660
0010 1516 VT143 E0U 416 MINIMUM VALVE SETTING tiVE126"0
0011 1517 VT144 EQU +17 SCALED LOW N 1GV FIG10-12 M1qE12680
0012 1518 VT145 ECU +18 SCALED LOW N BLEEDS FIGIO-1z I-WEIZ690
0013 1519 VT146 EQU +19 TEMPERATURE REQ HWE•27O0
0014 1520 VT147 EQU +20 FUEL RATIOS FINAL FIGIO-8 HWE'2 7 10
0015 1521 vT1468 EU +21 COMPUTED FUEL REQUEST FIGIO-8 H~t..2720
0016.. -152.52Vj vj149 _E-iU .+22. SELECTED..VARIABLE STORAGE HhE.LZ_30

1523 * FIGIO-3 RPM REQUEST CONTROL HWE-12740
0017 1524 VT150 .EQU .... l23 POWER LEVER RPM. REQ HWE12750.
0018 1525 VT151 EOU +24 LOW SPEED SET HWEIZ76O
0.0Q19 1526 VT152 EQU +25 HJI SPEED SEFT .•_2_01.
0_0A 1527 VT135 EQU 426 PNS RPM DNIOT HWEIZ7SOI
0018 15"28 VT154 EQU +27 PEO RPM DN/DT .IWt1.|Z19O

001C 1529 VTIS5 ECU +28 SPEED LIMIT TEMP HWEI2800
0010 1530 _ VT156. EQU +Z9 SPEED -EQUEST HWEI2H1

1531 * FIG1O-4 COMPUTED DIGITAL RPM HWE12820
O01E 1532 VT157 EOU +30 HWE12830
O0IF 1533 VT158 EQU +31 MAX FUEL REQUEST -- HWEI284O
0020 . . . . 1534 .. VT159 ECU +32 SPEED ERROR ......... .. HWEIZB50
0021 1535 VT160 EQU +33 SPcED RATIOS ERROR HWE12B6O

1536 * hWFIZBTO
1537 FIG10-5 PROPORTIONAL TEMP CON HWE128O8
1538 * VT146 TE?4P REQ HWE12890

0022 1539 VT161 EQU +34 -- RATIOS SPEED CONTROL HWEI2900
__0023 1540 VT162 ECU +35 TEMP.RATIOS ERROR_... HWE12910

0 024-14 6T163 ECU~ +3-------------- __nk0_002 151 •163EQU +36LOW OF RPM AND TEMP HWEI2920

1542 - FIGI0-5 PROP.PRESSURE CONTROL HWE1293O
0o025 15§4•3 -- V-164 ECu -E .. 431- -.. PRES -S RE-_JQUEST . .HWE2940
0026 1544 VT165 EQU +38 PRESS ERROR HWE12950
0027 1545 VT166 EQU +39 RATIOS PRESS ERROR HWE12960
0028 _ 1546 VT167 EQU +40 .... LOW O. PpTAND RPM HWEIZSY9"

15.7 1MWE12980
0029 1548 VT168 ECU +41 RESERVED =VT167 HWEI2990

"1549 * FIG1O-5 BASE RATIOS INTEGRATE HWE13000
002A 1550 VT169 ECU +42 INTEGRAl ION VALUE HWE1L31
0028 1551 VT17O ECU +43 RASF RATInS INT PllA HWWFI 3AO
002C 155Z VT171 ECU _+44 RATIOS REQUEST HWE13030

1553 * HWE13040
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1554 * FIG 10-1 MAX RATIOS SCHEDULE HWE13050
0020 1555 VT172 EQU +15 SCHEDULE TZ VALUE HWE13060O
002E 1556 V1173 EQU +L6 START RATIOS HWEI3O7q
OC2F 1557 VT174 ECU 7 . 2ND RANGE START RATIO HWE_3_8.

0030 1558 VT175 ECU +48 LOW GF 173 AND 174 HWE13090
0031 1559 VT176 ECU +49 3RD RANCE VALUE HWE13100
0032 1560 VTIT7 ECU +50 HIGH OF 175 & 176 NWEI311O
0033 1561 VT178 EQU +51 ACC SCHEDULE HWE13120
0034 1562 VT979 EOU +52 '.OW 178 & 177 HWE-93130
0035 1563 VT180 EQU +53 . . VALVE CONTROL__I._NPUT _.POINT HWE13140 .4
0036 1564 01181 EQU -54 MAXIMUM RATIOS HWE13150
0037 1565 VT182 EQU +55 RATIOS MODIFIED HWE13160
0038 1566 VT183 EQU +56 LO4 RATIOS WITH SFEEO HWE13170
0039 1567 VT184 EQU +57 MAXIMUM VALVE DUF TO.RATIO.HWE1318O

1568 0 FIGURE -OA-3 ANO 4 VALVE PUS HWE13190
003A 1569 VT185 EQU +58 MAXIMUM VALVE HWEi3200
0038 1570- VT186 ECU +59 MAX VALVE AFTER N'SAFETY H`WE-1 32ir-

003C 1571 VT187 EQU +60 MAX VALVE AFTER 'THER CGNT HWE13220
003D 157TVT8 u +6t IDLE KINIMUM SCHEDLLF HWE13Z30
003E 1573 VTI89 EQU +62 !DLE MINIMUM RATIOS HWFI324O
O0sF 1574 vT190 EQU +63 MINIMUM RATICS HWE-13250
OO-O 1575 VT191 E801 +64 PINIMUM RATIOS OUT HWE13260
"0041 1576 VT192 ECU +65 MINIMUM VALVE REQUEST HWE.3270
0042 1577 VT193 EQU +66 FUEL REQUEST HWE13280
0043 1578 ...... 4VTlg946E1 +67 FACTOREU BURNER PRESSURF HWE13290
1004 i579 VT19S ECU 468 FUEL REQUEST OUTPUT HWE13300

01345 1580 V1196 EQU +69 FUEL RATIoS PROP. ADDER HWE133iO ....
1581 * HWE13320
1582 c ?IGXO-9 TEMPERATURE CUNTROL HWE61330

00,.t-6 -1583 VlVTI7 'QU +70 - TEMPERATURE RFwUEST ACC HWE13340
647 1584 VT198 ECU - 71 TEMPERATURE ERROR ACC HWE13350

0048 1585 VT199 EOU +7- TEMPE!1ATURE RATIO PROP ACC HWE13?60
0049 1586 VT200 EQU +73 TEMPERATURE REQUEST DECEL HW-EI13573
004A 1587 VT2OI EQU +74 TEMPERATURE ERROk DECEL HWF13380
0048 1588 VT202 EQU +75 TEMP5-ERATURE RATIOS DECEL HWE1339f

1589 n rWEI3400
S1590 * FIGIO-lO PRESSURE RATIO CONT HWE134:0

004C 1591 VT203 EQU +16 DP/P LOW N SCHEDUL. REQ HWE13420
0040 1592 VT2o4 EQU +77 OP/P MIb N SCHPDUJLE REQ HWE13430
004E 1593 VT205 ECU +78 OP/P HIGH N SCHiEDULE REQ HWE13440
004F 1594 VT206 EQU +79 OP/P ERRUR HWE13450
0050 15595 VT207 EQU +80 DP/P INTEGRATION HWE13460

1597 * FIG10-12 IGV AND BLEED SCHEDULE HWE134b%)
0051 1598 VT208 ECU +81 LOW N SCHEDULF HWF13400
0052 1599 VT209 ECU +82 HWE 13500
0053 1600 VTZ1O EQU +83 HIGH N MID T HWc13510
0054 1601 vT211 ECU +84 HWE 13520
00(55 160.2--tV 2 ÷W ... S-0FED -RANGE: IGV ..... 4' f -5-3--
0056 1603 V1213 EQU +86 IGV REQUEST DAC / HWE3'5"+0
0057 1604 V1214 EQU +87 SPEED RANuE BLEEDS HWE13550
0058 1605 V1215 EQU +88 BLEED REQUEST DAC2 HWEI356O

1606 * HWE1357)
1607 ' FIGIO-14 NOZZLE CONTROL HWEIU .'I

0059 1608 . .- 16 EU• -+89 HWE 1 ..DO5A 109 v12T1, ECU +90 NOZZLE W,• SDEtfl W$w.1360n

005B 1610 V9zI8 EQU +91 NOZZLE HIGH SPEED HWF13510

224
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005c 1611 Vt2,,19 EOu + -9 +? -NO-ZZLE REQUEST 060 3 - HWE13620
0030 1512 VT220 EQU +93 UAC4 OUTPUT VALUE HWE13630
064t -- 6i13 VT?.21 EQU +94 NWE L3640

OO4 164 V11122 ECU +95 'iWEI13J 50
0060 1SI5 VT223 EGO +96 h WE 13660
0061 1616 VT2EU +97 _OAZUPTDJUSTMNIN(1WE13670
0062 161.7 VT225 ECU +98 OAC2 OUTPUT VALUE HWE13680
0063 1618 Vt'226 EQU + 44 EVFECTIVE LOOP OUTPUT I4WE13690

m69 ANALOG VARIAeLE HWE37M00
005 62 V778EC!620 *FIRST STRIP HWF).3710

0064 1621 '1T22 ECU +100 OP/P EK14 HWF13720

006 163 v229E~u +10 INTRURBIEN OlSO PES PB HWEJ 3840

0011 1634 VT230 E.U.... 3 ENGINER O H EKpq1 HWE137850

0081635 VT3 IU +114 BRSURNE PRATIO EQ5lJE13760
0073 .16Z6 VT232 2:Q U +1105 OP-r$ K1P WE13770
007A '6327 VT233 EQU +106 P2CMNWTE1P WE13780
0075 1638 - VT234' ECU +117 -BED R.S-P3Eý54HWEI3B9O

00a3169 VT25EU +0 USTIP I INU EK15 HWE13980C
0076D 1640 VT236 ECU +108.,4 ANAPO TPEMP INET .T HWE13810
0071 1641 VT237 ECU +119 BLEEMPIEMP OSH TB. P HWE13820
0078 it64 '2 VT238 EUU +10 TUBINED INLETS TO. P HWF13830

*.0079c 1643k VT239 ECU +1121 TURBINE BISON TOE P HWEL39'tO
OaA1634 VT240 ECU 1-132 POWIER LEVE PLF P HWE139SO
0078 164 VT5 cI' +1123' POWER LEVE PL0 NWF 3960

0073 .1646 VT24721 E:U +124-.FLE-LA-A5A HWE13870
0074 1647 VT7242 E4II +115SPR HWE13380
00lE 1648 VT7253 EQ +116SPR HWF13890

1649 THSPRE PORINTK1 HWE139000

0079 1650 VT248, EU +127 UBN DSH T HWE134C 0

Ii-

00- IF 164 JUL5 7? SPAG HE10399

.1I.

-•z; O0•C1649 SPARE POI 9? " NTZL EUS A HWE14600

DO IF 06 16,50 VT 2_23 ,U +127 HWE14CI0
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1652 * TRIMS LOCATION VALVES HWE14030
FFFF - .163 "VTOO1_ .EQ• . -1 HWE14040
FFFE 1654 VTO02 EOU -2 HWE 14050

. O .... .. V6T5 O03 ECU -3 HWE14060
FFFC 1656 VTO04 EQU -4 HWE 14070
FFFB 1657 VTO05 EQU .- 5 _H WE L4080.
FFFA 1658 VT006 ECU -6 HWE14090

-FFF9 1.659 VTO07 ECU -7 . HWE14100
iFEF 1660 VTOOO EQU -8 HWE14110

FFF7 1f.61 VTO09 EQU -9 HWE1,.120
-FF5 1662 vTOIO ECU -10 HWE14130

FFF5 1663 VTO11 EQU -11 HWE14140
FFF4 1664 VT012 EQU -12 HWE14150
FFF3 1665 VTO13 EU.• U -13 .. HWE14160
• FF-2 1666 06014 ECU -14 HWF14170
FFFL . 1667 .VTO15 EUU ... -15 HWE14180
FFFO 1668 VTO16 EQU -16 HWE14190
PFFEF 1669 VT1017 EQu -17 HWE14200
FFEE1670 708 EU HWE14210
FFED 1671 V TO19 EQU -19 . HWE14220
tFEC 1672 VTOZO EQU -20 HWE14230
FFE8 1673 VT021 EQU -21 HWE14240
FFEA 1674 VTO22 EQU -22 HWE 14250
FFE29 .475 -. VT F3J•.4 rflV___ . W_ 1tE14260(
FFE8 1676 VT024 ½.QU -24t HWE14270
FFE7 -77 VT025 EVU -25 . HWE 1 4280
FFE6 1678 VT026 EQU -26 HWE14290
FFE5 1679 VT027 ECU -27 HWFI4300
FFE4 1680 VT028 EQU -26 HWEI4310
FFE3 1681 V1029 JW. . -29 ..... _H__-41Ai0n
FFE2 1682 VT030 EQU -30 HWE 14330
FFE 1683 VT031 EQU -31 HWE143•0
. ..FFEO . 16 1170T2- E" -32 .. .. .HWE14350
FFDF 1685 VT033 EQU -33 HWE14360
FFDE 16869 VT6737 •ECU- . -3-4 7HW14370
FF0D 1687 VT035 EQU -35 HWE14380
FF07 1688 1VT046 ECU -36 HE 14440
FFD0 1689 VT03 7 ECU -37 HWE 14400

FFD9 1691 VT039 EQU -39 HWE14420

FFD7 1693 VT041 EQU -41 HWE 14470
FFD6 1.694 VTF04 2 EQU -- 42 HWE 14450
FFD5 1695 VT043 EQU -43 HWE 14460
FF64 1696 VfO044 EQU -, .. .. HWE 14470

FF03 1697 VT045 ECU -.45 HWE14480
FFO2 1698 VT046 EQU -46 HWE14490
FFD1 1699 VT047 EQU -47 HWE 14•500

1700 VT1O48 EOU -48 HWF1':510
FrF 1701 VT049 ECU -49 HWE14520
FFCE 1702 VT050 ECU -50 HWE14530
FECD 1703 VT051 ECU -51 HWE1450O
FF0C 1704 V11052 EQU -52 HWE14550
9 FCB 1705 VT503 ECU -53 HWE 14560
FFCA 1706 VT504 ECU -54 HWE14570
FFC9 1707 VT055 ECU -55 HWE14580
"F•, 17GR V17056 FQIl -56 HWE14590
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FFC7 1709 vTU57 ECU -57 HWE14600
FFC6 1710 VTO58 Eu -58 HWE14610
FFC5 1711 VTO59 EQU -59 HWE14620
FFC4 1712 VT060 EQU -60 HWE1.4630
FFC3 1713 VT061 EQU -61 HWE14640
•ECZ -_ 17.1. -- _VI.A ------.( -_- - -- ,. ---.. - -.. . . .. i ,n
FFCI 1715 *VT063 EQU -63 HWE14660
FFCO 1716 VTO64 EQU -64 HWEI4670
FFBF 1717 VT065 EQU -65 HWE 14680
FFBE 1718 VT066 EQU -66 HWE.4690
FFBD 1719 VT067 EQU -67 HWE14700

•FEjC_ .. ..... -_ VJT•6L _F._IU . ._r--f: ----------.... H W____ J~E.ljtflff. i

FFBB 1721 VT069 EQU -64 HWE814720
FFBA 1722 VT070 ECU -70 HWEI4730
FF89 1723 VT071 EQU -71 HWE 14740
FFB. 1724 VT072 ECU -72 HWE14750
FFB7 1725 VT073 EQU -73 HWE 14760
FFB6 . 1726 VT074 EQU -14 -HMWE_ 477C..
FF85 1727 VTO75 EQU -75 HWE14780
FFB4 1728 VT076 ECU -76 HWE14790
FF83 1729 VTo77 EQU -77 HWE1 I.800
FF82 1730 VT078 EQU -78 HWE14810
FFB1 1731 VT079 EQU -79 HWE14820
FFBn 1732 VT080Q- .. . ....... HEJ. .
FFAF.1733 VTO81 EQU -81 HWE1484•O
FFAE 1714 . V1082 EQU -82 HWE14+850
FFAD 1735 VTO83 ECU -83 HWE14860
FFAC 1736. VT084 EQU -84 HWE14870
FFAB 1737 VT085 EQU -85 HWF14880

=F.FAA __ f__ VT086 ECu __ -L -__-_____- i___

FFA9 1739 VOB7 EQU -s7 HWE14900
FFAB 1740 - VTOB8 ECU -H8 HWE14910
FFA7 1741 vTO89 EQU -89 HWE14920
FFA6 1742 VTO90 ECU -90 HWE 14930
FFA5 1743 VT091 EQU -91 HWE14940
FFA4 1744 VTO92 ECU - ___-92 . -.. ...... HWEL4950_-
FFA3 1745 VT093 EQU -93 HWFE14960
FFA2 1746 VT094 EQU -94 HWE 14970
FFA1 1747 VT095 EQU -95 TF2=lOXF DEC, HWE14980
FFAO. 1748 VTO96 EQU -96 T3-IOXF DEG HWE14990
FF9F 1749 VTO97 EQU -97 T4=IOXF DEG "HWEi500
FF9E 1750 VT098 EQU -98 TS=IOXF DEG HWE15010
FF90 1751 V1099 ECQU -99 ADJUSTMENT NUMBER SELECTED HWE1S020
FF9C 1752 VT100 EQU -100 ADJUSTMENT REGISTER NUMBER HWFI5O30
FF9B 3 ........ 3 VTO1 EQU -101 SAFETY DIGITAL NUMBER HWE15040
FF9A 1754 VT102 EQU -102 PB-100XPSI HWE15050
FF99 17"55 VT103 EQU -103 DP=IOOOXPSI HWF1S060
FF98 1756 VT104 EQU -104 P2L000XPSI HWE15070

1757 VT105 EQU -LO 2-210PIHE58
FF96 . 1758 V0106 EQU -106 P2 4,-P2 - 100 X P. S. IHWE15090
FF95 1759 VT1O7 EQU -107 P25-P=. 100 XPSI HE115100
FF94 1760 .. VTI08 EQU -108 P5 =IO0XPSI HWE1WSI1O
FF93 1761 Vt109 Eou -109 PO j=QODOPSI HWE15120
F F 9 2 .. . . .. . . Lk .Y II I. 10 . -_ 1 1 0 F-- - - - -.. .. . . h F 1 5 1 3 0
FF91 1763 vilIl EUu -111 HW 15140
FF90 176-t VTI12 EQU -112 HW815150
FFBF 1765 VTI13 ECU -113 HWFI 5160
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Table B-13. Bendix Bounds Program (Concluded)

1? JUL 74 PAGF 034

FFaF 17&6 VT114 EQU -114 HWIE 151702
F8, 1767 VT115 EQU -115 HWF 15180

FFSC 1768 VT116 ECU -116 HWE15190FFSB 1769 VT11-1 EQU -117 HNFI520n
FFSA 1770 VI118 El U -118 HWF 152 10
FF89 1771 VT119 EQU -119 HWF15220

SFF88 1772 VT120 FQUJ -120 HWF I5230
FF87 X773 VT121 EQU -121 HWF15240
FF86 1774 VT122 ECU -122 HWFI 5250
FF85 1775 VT1fl ECU -123 H14Pl5260
FF84 1776 VT124 ECU -124 HWFl 5270
FF83 1777 V7125 EQU -125 HWF! 5280
FF82 1778 VT126 EQU -1)6 HWEl 5290
FF81 177T VT127 -OIJ -127 HWEI 5300
058A 1780 END HWE15310

00O ERROR(S) AND 000 WARNING(S) IN ABOVE ASSEHBLY.
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Table B-14. Rendix Bounds Program
Croas Reference

_,. N. REFERENCES-
PTH34 0789 i 964 959R
PT H41 04Q6 _-._J.6Q.._0A .
PTH42 03FE 1 1012 1007R

-PT'43 . OrbF6 1 IC'6 1001R
PTH44 03EC 1 999 994R
PJjI- ... ..Q44'6. I- AM 1070R
PTH52 043E 1 1069 1064R
PTH53 0436 1 -LA _J08R .....
PTH54 042D 1 1056 1051R
POSA 0564 1 ,. 391 1384R
POO p6o0o b 1431

o .•I 0 01 .1 ',32.
002 00062 0 '1 33
P03 0003 0 1434

P05 0005 0 14'.6
606 0006 0 1437

PO. 0007 0 143k
P08 0008 0 1439
P09 0009 0 1440

Pl OCA- 0 1441-
- P11 0008 0 1442

P12 O00C 0 1443
P13 0000 0 1444
P14 COOE 0 1445

P1 Q O0QF 0 1446
P16 0010 0 1447
PI7 0011 0 1448
Pe8 0012 0 1449 506R
p_ 19 0013 0 1450 508k
P2o 0014 C 1451 51OR

P22 0016 0 1453 t•14R
P2 3 0017 0 1454 516R
P24 0018 0 1455 518R
P25 Q 019 0 1456 5'OR
P,26 O0IA 0 1457 522R
P27 O01B 0 1458 52-3R

P29 001D 0 1460 529R
PO . 001 0 1461 531P'
P31 OOIF 0 1462 533R
P32 ooz2 o 1463 535R
P33 0021 0 1464 537R

-6 2 62 --( 14:65 5390
P35 0023 0 1466 541R
P36 0024 0 1467 547R
P37 0025 0 1468 549R
P38 0026 0 1469 551R
P39 0027 0 1470 5V3R

-P --... - - 1471. . 5sR
P41 0029 0 1472 560R
P42 OOZA 0 1473 565R
P43 002B 0 1474 570R
P44 002C 0 1475 574R
P45 0020 0 14T7 677R

P47 OCZF 0 1478 583k
P48 OU3O 0 1479 5874
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Table B- 14. Bendix Bounds Program
Cross Reference (Continued)

SYMBOL VALUE REL OEFN REFERENCES-
P49 0031 0 1480 591R
P50 0032 0 48 596R
P51 0033 0 .1482' 598R
P52 0034 0 1483 600R
P53 0035 0 L4B4 602R
P54 0036 0 1485 605R
P55 0037 0 1486 611P
P56 .O0Q38 0. ...1.4 _F _AI. 7A_,
P57 0039 0 1488 622R
P58 003A 0 1489 627R
P59 0038 0 1490 629R
P6.0 003C 0 1491 631R

UP1 0030 0 1492 633R

P63 003F 0 1494 638R
RAWN OIE3 1 483 461M 465R
RUOUT 0165 1 360 35SR
RPM OlEO 1 479 45SR
RSTAL 0010 1 13 369R
RSTSA 0175 1 378 373R
SAFND . 1C6 1 454 43SF 443R 447R
SAMI 02C2 1 721 6811M
SAM2 02C3 1 722 7204M
SAM3 02EO 1 751 744M 746R
SAM4 02E1 1 752 75GM
SAM6 -04DF 1- I _J._.. fl!_..._.-
SAM? 04EA 1 1252 1243M
SAMA 04F0 1 1259 12261M 1,50M.
START 0147 1 337 12R
STTVT OOA9 1 188 74M
STO00 004E 1 78 388R

ST002 0050 1 80 16R
ST003 0051 1 81 L1R
ST004 0052 1 82 20R
ST005 0053 1 83 22R
ST006 0054 1 84 24R
ST007 0055 1 85 26R
ST065 0O56- -
ST009 0057 1 89 30A
ST010 0058 1 90 32R
STOl1 0059 1 91 34R
ST012 005A 1 94 36k
ST013 0058 1 95 38RS T-O f4 .. . O_476 R_ .... ------.• 6 . .. . . - ' ... . . . .. . . .
ST015 0050 1 97 42R
ST016 QOE 1 8 44R
STO17 005F 1 99 46R
STOI 0060 1 Lo 48R
ST019 0061 1 101 SOR
ST020 062~ 1 10 52
ST021 0063 1 103 54R

2ST02 0064 1 104 56R
ST023 0065 1 105 58R
"STO 4 0066 1 109 60R
STOiS 0067 1 110 62R
S1T(1)h 0)068 1 111 64R
ST027 0069 1 114 66R
ST028 006A 1 115 68R
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Table B-14. Bendix Bounds Program
Cross Reference (ContLnued)

SYMBOL VALUE REL D0FN REFERENCjS-
STO2v O06B 1 116 70R
STO3O OO6C I ii" I 72R

~~ ~006D 16 19STO32. 00E 1 120 19IR-S-TO63+ 06 L -1 N+ -ig9k-
ST034 0070._ 1 11 19_
ST035 0071 1 122 19"-k
T03___6 0072 1 126 19C'f&

STO37 0073 127 20IR
_af 03• _--O074 1.- 1?_.- 2039--..

5T039 007T6 1 129 205R
ST040 0076 1 130 207R
STan1 -0017 1 -fl 31 09K-
ST04. 0078 1 132 jj4A
5T043 0079 1 133 213R
ST044 007A 1 134 215P.

-4 1..1i35 - 217K---
ST046 007C 1 136 219R
.ST04 Oe701 1 137 221 .
ST048 007F 1 138 223R

ST050 .0080 i 140 e7
.. ST05.. 0081 1 146 Ž 2 .ti

ST052 0082 1 147 231R
....TT - -...... 008 ..- 48 . . 2 ,R .
5T054 0084 1 149 235R

* ST055 008.5 1-- --- 237
ST056 -086 1 153 239R
°-11. 007 3--- 154 241k
ST058 0088 1 155 2,-3R
-Tq0'9 ..... 1 . '56 . .24"5 . . .
ST060 O08A 1 UI7 247k
ST061 ooeff18 lh 249R
ST062 008C 1 159 251R
. T0.3 b Iof 6- (5 ... ..i .
ST064 008E 1 161 255R

ST066 0090 1 163 259R
ST067 O~IfF T-Wfl
5T068 0092 1 X65 263R

STOW 0094 1 167 267R
.. T071. 0095 -1 ..... 168- 269A
ST072 0096 1 169 271R

- r ----- uo -- i .... • -- 73RI

ST074 0098 1 171 275R"ST0715 0099 172 277R
5T076 009A 1 173 279R
'T077 009B 1 174 281k
ST078 009C 1 175 283R

STURO 009E 1 177 287R
ST081 004F 1 178 289R
SrOB2  OOAO 1 179 291•
T7083 QOA1 1 180 293R

STOC4 00A2 1 181 275R

STOC, 00A64 1 183 299R
57087 0OA5 1 184 '01R
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"Table B.-14. Bendix Bounds Program
Cross Reference (Continued)

SYMBOL VALUJF REL OEF-N REFERENCES-
ST108 OUA6 I 18b 303R
ST089 OOA 1 I8t, 3058
T1090 OAH 1 187 307R

•6TEMPA 04DE 1238 1246M 1248R
TEMP2 0100 1 44 4177R
TEMP3 0142 1 331 360M
TEM84 0143 1 332 354M 3 76R
TEMPS 0144 1 333 38T7M 392M
1 LM8Pb 0470 1 1121 1100M 11028
TESTN U0E2 1 482 494M 457M
TMNR. 0140 329 346M 350M 35.• 400R 4L6R
TK IM$ 0141 1 330 467M 544M
1T210 03E1 1 990 806R
T21?5 0422 1047 804R
T225 0336 1 819 812R

,' T250 0381 1 9U9 8108
T275 0316 1 955 808R
VALID OICF 1 469 456M
V9LPO 0484 1 1143 1142M
VAL UE 013E 1 327 324R 353M 351U 3598
"VLVEL O01H 1 44(1 43IR
91 00V 1 FFFF U 1653 15M OT7R
VTO02 FFFE 0 1654 17M 6IR
VTO03 FFFD U 1655 19M 762R
VTO04 FFFC 0 165h 21M 671'4
VTO05 FFF6 0 16517 2z3 682?
9V1034 FFFA 0 1458 25M b658
VI00 7 FFF- U 1659 27M b94R
VOO8 FFF6 0 1660 29M 697R
V1009 FFF7 0 1661 31M 754R
V101() FFF6 0 1662 33M 165R
V91 U I FFF5 U 1663 358 1I618
VTOI? FFF4 0 1664 371
VTO1 FFF3 U 1665 39M"91VTU14 FFF2 0 1666 4AM
1VO15 FFF1 u 1667 43M

V8Ii, FFFO U 1668 45M
VTO17 FF6F 0 1669 471
VTOI8 FF8E6 0 1670 498
"VTO19 FFEO V 1671 5118
V1TO"U FF1C 0 16771 53M

0VT21 F F"' U 1673 55M
VTO22 -FrA 0 1674 578M
VT1023 : FF' U 1675 59M
VTO24 FFEH U 1676 6 M 843k 846R 878R 881R 938R 941 98448 9878 1019R 1077? 107h1

10 79R
91 025 FF617 1677 63M 814k 849R 90 !, 9558 9908 1047K
9V7T 06 FFE6 0 1678 6SM 1144R
9VT1 7 FFE5 0 1679 617 1167R
9VT02i FF64 0 1680 69M 13648
VT029 FF83 0 168I 71M I6898
VT030 FFE2 0 1682 73M 1084R
VT031 FFE1 0 1683 190M 1148R
VT032 FFEO o 1684 192M 1154R
V9O33 FFDF 0 1685 194M 1157R
VT1034 FF11 0 1686 196M
VT035 FF1D1 0 1687 198M
VT036 FFI6X 0 1638 200m
VT103 FFDH 0 i1-89 202M
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Table B- 14. Bendix Bounds Program
Cross Reference (Continued)

SYMBOL VALUE REL DEFN REFERENCES-
VT038 FFDA 0 1690 204M
VT039 FFD9 0 1691 206M
VT040 FFD8 0 1692 208m
VT041 FFD7 U 1693 210M
VT042 FF06 0 1694 212M
VT043 FF05 0 1695 2149M
VT044 FF04 0 1696 216M
VT045 FF2,3 0 1697 218M
VT046 FF02 0 1698 220M
VT0 7 FFD1 0 1699 222M
VTOt.c FFDO 0 1700 224M
VT 0-, ? FFCF 0 1701 226M
VT050 FFCE 0 £702 228M

VT051 FFCD 0 i703 230M 94 1259R--vT-o 2 -,UFc 6- -11i04, "ý2 1.2;6h- " WZg
VT053 FFCB 0 1705 234M 1281R
VT054 FFCA 0 1y06 236M 1284R
VT055 FFC9 0 1707 238M 1339R
VT056 FFC8 0 1708 240M 1348R

VT057 FFC7 j 1709 242M 1354R
"VTO58 FFCe 0 1710 244M
vros9 FFC5 0 1711 246M
VT060 FFC4 0 1712 24BM
VT061 FFC3 u 1713 250M
VT062 FFC2 0 1714 252M
VI'Y063 FFC1 0 1715 254M
vTo64 ýFF0C0 U 171 --- 25694-....
VT065 FFBF 0 1717 258M
VT066 FFBE U 1718 260M
VTVC'7 FFBD U 1,19 262M
V7068 FFBC 0 1720 264M
VT669 FFBB 0 1721 2669

.VTc7O .... FFB-A-- U 1 '722- 268-94
VT071 FFb9 0 1.723 270M
Vt072 FF88 0 "1724 27M"
VT073 FF-B7 0 1725 274M
VT074 FF86 0 1726 276M 1385R

VT075 FF85 0 1727 278M
VTD7&-FFHW4 --- z 0-¶77UW -

VT077 FF83 0 1729 262M
VY078 FFB2 0 1730 •'4M
VT079 FFBI 0 1731 Z86M
V0080 FFBO 0 1732 E•]M
VTOB1 FFAF 0 1733 290M 1367R
VTO82 FFAE 0 1734 29294
VTOq3 FFAD 0 1735 294M
VTO84 FFAC 0 1736 k96M
VTO85 FFAB 0 1737 298M
VT086 FFAA 0 1738 360M
VTO87 FFA9 0 1739 302M
VTOB8 FFA8 0 1740 304M
VTO89 FFA7 0 1741 306M
VT090 FFA6 0 1742 308M
VTO91 FFA5 0 1743
VT092 FFA4 0 1744
VTO93 FFA3 0 1745 462M

"I: VT094. rFA20YW6 3429V
VT095 FFA6 0 1747 610K
VTO96 FFA0 0 1748 616m'
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Table B-14. Bendix Bounds Program
Cross Reference (Continued)

SYMBOL VALUE REL DEFN REFERENCES-
VT097 FF9F 0 1749 •621M
VTO9B FF9E .0 1750 6M_
VT099 FF90 0 1751 371R 375M
VTIO0 FF9C 0 1752 377M
VTIOI FF98 0 1753 367M 378R 397R 413R 429R 432R 444R
VT1O2 FF)A 0 1754 559H
VT103 FF99 0 1755 564M
VI104 FFý98 LL 175-. . -569h
VTIO5 FF97 0 1757 573M
VTLO6 FF96 0 1758 582M
VTIO7 FF95 0 1759 586M
VT1O8 FF94 U 1760 590M
VT109 FF93 0 1761 595M
VT1I1 F'92 U 17.(2 5 .-jM
VTL rFF91 0 1763. 509M
VT112 FF90 0 1764 51114
VT1I3 FF8F U 17o5 51314
VT114 FFSF 0 1766 515M
VT115 FF8D 0 1767 51 7M
VT116 FF8C 0 . 1768 519M
Vll 7 "FFBB 0 1769 521IM
VTII8 FF8A 0 1770 523M.
VT119 FF89 0 1771 526M
V7120 FF88 0 1772 528M.
VT121 FF87 0 1773 530M
VT122 F FF86 0 1774 532M.___
VT123 FF85 0 1775 534M
V1124 FF84 0 1776 536M
VT125 FF83 0 1777 538M
VTi126 FF82 0 1778 540M
V7117 FF81 0 1779 5429

VTI8.00.0J.A _. 0 __6TO. M 7 7j0j5R 2
VT129 0002 0 1502 707M
". 1 '330 0003 0 1503. 71.2M..
V9131 0004 0 1504 718M
VT132 0005 0 1505 706R 719R 722M 730R 731R
VT133 0006 0 1506 684M 689R 692R
VT134 0007 0 1507 696M 701R 702R
VT135 o008 0 1508
VT9136 0oo0 0 1509
97137 COCA 0 1510
VT138 000C 0 1511
VT139 00oC 0 1512
VT140 O00D 0 1513 1086M 1091R• i~ Vti,4I 0008• 0d.. 15-•14-... 116314

VT142 OOF 0 1515 1156M 1191R 1192R
VTI143 0010 0 1516 1159M 1173.1f!76R-
VT144 0011 0 1517 1261M 1265R 1270R
VT145 0012 II 1518 12831 1281R 1292R
VT146 0013 1519
VtfIe+ 0014 0 1520.11651M 1208R
VT1,"8 0015 0 1521 11771 1203R 1206R 1379R
VT149 0016 0 1522 401M 404R
VTIO 0017 u 1524 6681
VT151 0018 0 1525 660M 670R 6713R
VT152 0019 0 1526 664M. 6751R 676R .
VT153 001A 0 1527 693M 709R 710R
VT154 001B 0 1528 704M 714R 7!7R
VTlI 00 -, Z 0 152c 728;,
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Tahbl B- 14. Bendix Bounds Program
Cross Reference (Continued)

SYMBOL VALUE REL DEFN REFERENCES-
V1156 001D 0 1530 733M 759R 1322R 13329
V1157 O0IE 0 1532 441R 466)4 740R 760R 81/R 8248 844R. 521R ) 59 879Rt 917R 919R-

91)A 958R 965R 985A 9931k 1000R 1020R 105CR 1I0 57A 10774 IOR7R I (O1q.R
1108R 1268R 1290R

VT158 001F 0 1533 752M 1195R 1196R1
V1159 0020 0 1534 761M

VY160 0021 o 1535 764K 767R
vT15 0022 0 1539 768M 7'47" 1179R 1180D
V1162 0023 0 1540
V1163 0024 0 1541
VT164 0025 0 1543
VT 165 0026 u 1544
VT166 0027 0 1545
V1147 0028 U 1546
9T168 0029 0 1548
V1169 002A 0 1550
VTI 70 0028 0 1551
VT171 002C 0 1552
8T172 002D 0 1555
vi173 0021 0 1556
VT174 002F u 1557
VT175 0030 U 1558
VT17b 0031 0 1559
VT177 0032 0 1560
VT176 0033 0 1561
V117l 0034 U 156z
VT1BO 0035 0 1563 7588 1140)R 1141M 11991 1200R
VT1181 0036 0 1564 1082M 1145R
VT511 0031 0 1565 1147M I1T7R

S5VT152 003h 0 1566 11481A
51TI84 003) 0 1567 1190M 1383R
,VT185 003A u 1569 1194:'
1VT86 003h 0 1570 1198H

5T1157 003C 0 1571 1202
Vyu~b 0030 0 157Z 1105M 1109k 1I1OR
VT1189 003E) 0 1573 11128

1VT10 003F 0 1574 1093M I1L4R 1117R
T191 0040 0 1575 1118M 1168R

VT192 00'.1 U 1576 1172M
1VT193 .'04Z 0 1577 1207M 13177R 1381R

VT194 u,043 U 157d 1153M 1170R 115R5
5V195 r044 i 1579 1209M

SVTlq6 0045 Li 1560

VT197 fl u'b U 1583
VTI8 U04?1 U 1584
V1199 D0O04 U 155
VT200 Uu49 U 1586
vT201 O04A u 1587

V T2 02 0045b 0 1588
"T203 Ul4C D 1591
VT204 0u40 U 1592
V1265 O048 0 1593
V TZ O 004F- U 1594

VT207 0050 U 1595
51208 0051 U 1598 1218HM 12F61 1269k 12689 129;15
v1209 0052 0 1599
VT521 0053 U 1600 122 51 12491' 12 -'k 1,2644 12k o28
VT211 0054 0 1601
VT211 0055 0 1602 12671i 177R
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Table B-14. Bendix Bounds Program
Cross Reference (Continued)

SYMBOL VALUE REL OEFN REFERENCES-
VT213 0056 0 1603 1279M
VT214 3057 0 1604 1289M 1299R
VT215 0058 0 1.605 1301N4
VT216 0059 0 1608
VT2i7 O05A 0 1609 1330M 1341R 1344R
VT218 005B 0 1610 1345M 1356R 1358R 1361,

VT219 005C 0 1611 1362M
VT220 ,. 0050 0 16L2 _ _41_M . ..

VT221 O05E 0 1613
VT222 . 005F 0 1614
VT223 0060 0 1615
VT224 0061 U 1616 417M 42OR
VT225 0062 0 1617 42614
VT226 0063 0 1618 _ 13861-1 1389M 1392M.
VT227 0064 0 1621 548M
VT248 0065 0 1622 550M
VT229 0066 0 1623 552M

SVT230 0067 0 1624 5541M
VT231 0068 0 1625 556M 686R 698R 1151R
VT232 0069 0 1626 561M.
VT233 OO6A 0 1627 566M 747R
VT234 006B 0 162b 571M
VT235 006C 0 1629 575M
VT236 0060 0 1630 578M 7377R 7381R
VT23 7 006E 0 1631 58014
VT238 006F 0 1632 584M
VT239 0070 0 1633 588M
VTZ40 0071 0 1634 5921
VTZ4I 0072 0 1635 597M
VT242 0 0073 0 1636 5991
VT243 0074 0 1637 601M
VT244 0075 0 1638 603M
VT245 0076 0 1640 607M 723R 802R 1213R 1219R 1241R 1252R
VT246 0077 0 1641 613M
VT247 0078 0 1642
VT248 0079 u 1643 624M 1347R
V9249 007A 0 1644 628M b'5R
VT250 007B 0 1645 630M.
VT25. 007c 0 1646 632M
VT252 _0070 0 1647 634M
V9253 007E 0 1648 636M
VT254• 007F 0 1650 639M

W FP3 02F7 1 785 769M
XR1 0567 _.1 - 1396 3M
XR2 0569 1 1397 41
XP,3 . 056F 1 1398 5M.
GTECT
DMP FUNCTION COMPLETED
*STORE GTECT HWE15320
GT EC T
OMP FUNCTION COMPLETED .. .. . . . . . .
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Table B-14. Bendix Bounds Program
Cross Reference (Concluded)

// JOB VDISK 17 JUL 74 16.083 HRS
/ CMP 17 JUL 74 16.083 HRS
*0 EL ETE S GTE85
DMO FUNCTION COMPLETED
*STCRCI S GTE85 04

SINCLOGTE N/O0400,GTECT/0604,GETTM/0909
*CCEND

MPX, BUILU GTE85

R2O GTEIN LEV.O NON-REENT PROG

R20 GTEC, LEV.L NON-REENT PROG

MZC' GETTM LEV.O NON-REENT PROG

8ZO HWECT LEV.0 NON-REENT PROG

MPXt G-EB5 LI XQ

CL WC OF ODSO STORED AT O4FE
OMP FUNCTION COMPLETED
II/END 17 JUL 74 16.105 HKS
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.v-< ~------

STPART

INITIALIZE: 1) GAINS
2) OPEN-LOOP FUELS, PRESSURES, ETC.
3) SWITCHES FOR INITIALIZING FILTERS AND INTEGRALS

INTERPOLATION
__T711NTERVAL

DETERMINATION

INTERPOLATION INTERPOLATION INTERPOLA TION
INTERVAL INTERVAL I1IERVAL

12 3

INTEGRAL SPEED
AND
INTEGRAL PRESSURE-

11 INITIALIZE
2) INTEGRATE
3) LIMIT

FUEL REQUEST
CALCULATION

I MODE SELECT

LOGIC

FUEL REQUEST
FiLTER LOGIC

EXHAUST NOZZLE
REQUEST
%CALCULATION

Figure B-I. Functional Flow Diagram Speed and
Pressure Control Program
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J::1
ET B

V01"02/2
4 

----- Ir KEF1I
0 VT013 - -RO MIEF C

VTO12/2
4  

- KEFI4
VT13q -- -- WIVEPFP

vr1`b/2
4  

- KEF21

VTO17 - WEF2

VTOlX .------ io P3P2

VTO19/2
4  

_ 4 KEF24

VT020/2
4 

---- P KEF31

Vu21 -- W ',VEF3SVT022 pl P3P3 Ai

VTC23/2 4 9 KE734

" VT040-24 KEF41
-J VT041 --- '--- l WEF4

il•,.VT042 0t P3P4

['F " .VT00/2 4 0 KEF44

S JII "'[!1 tVTO44 -- - Ip VPF 1 !

VT045/2 - KP 12

VT046/2
4 

- KPF13

VT047 - * WP"

VT046/ 4 W KPF21'

VT049/2
4 

----------W KPF22

VTr064/2
4  

1 KPF23

VT061 - '----,* WPF2

VT062/2
4  

-- 0 KPF31

VTO63/2
4 
-- - KPF32

VT064/2
4 

- - KPF43

VTO65 0- WPF3

SVTO66/24 t KFF.41

' ~~~VT067/24 - •.,' KPF42
r

Vb68/24 _---IW KPF43

i' VT069 ' WP,4

2TIMF S;WLAG C

"Figure B-2. initiaiizatiou Logic for

Speed and Pressure Program
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11250 •+

M C "_V± .... BR NC PO ,- 12

T57BRANCH P0 Cl 7INF

o4 MLIPYDVIENIe2i

S N 0, NIN .3

GlissoT BRANCH NES C ,730

VT1'-5 7 (72= 128

"TI "I

TI'l 1500 MULTIPTLY DIVIDEC1 NIN - 2

BRNHNG2 3300 2 ---12 z8- ON1 ý

VT157

Figure B-23. Interval Determination
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STST11+ +

lNIF C2-C22 LUPi TSTl-XRl Cli MULTIPLY C21 MULTIPLY\J SETXl-TST lFKF1 kJ'1IF1 C Al

S• k.../l Isuml

LT2IP1 (XRl) KEF31 (XRl+

SSUM 2

~~ I MUlLTIL K__N _XjTS2

15T3-.XR 12 MULjTIPLY C22..MULTIPLY L + h.J

Figure B-4, Interpolation Logic
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O-VT039
VT036-ENK

VT039 BRANCH 0 IVTO36i-ENKL
VT037!2 4 -EPK
IVTO37/2 4 1.-EPKL

N
VT157

ENDK VT102 EPDK TIME BRANCH +"
ýNONZEOINE

IT PT3 + N+

NPLA PT3a0
VT128

A2

ENDK-ENDK1
EPDK-.EPDK 1
"VT036-ENK

A2 IVTO361-ENKL
VT037/2 4 -EPK
IVT037/2 4 I-EPKL
TIME= 1

F5l duENDKg1

& ENDK++ MULTIPLY MULTIPLY DT 2Ia75 +VE24

• -'EPDK1 EPK

::D EPDVD375 j KPUFN1 I "1 IVE1000

-•: Figure B-5. Integral Speed and Preseure Calculation
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' ~ENKL

N I +NKE-KN"", BRA CHKO -F-NKL- ENK

ENKLJv

'• EPKL

: ".• 1•EPK+

'•EP 
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(MW E BPRA+NEKCH P-EPKL-EPK
T Ll

Fgr B-6C L t LogiC ETKLf-ETK an

: E T K +0

-•5 aNH -ETKL-ETK

:: : • ( ,:,ENK - ,ENDK,.,l /-"
(MW6 }--.=IEPDK -E:PDK1 PLA

E T D - E T D K 1I

• ~FigurIe B-G. Limiting Logic for Integral Speed and

Pressure
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P5PL VT162 KEFN- - VT166
P3PL VT163 KEFN2 - VT167 A3ENK - VT164 KF FN3 - VT168
WF'N - VT165 Kf.-FN4 - VT169

SPT5NB - VT170
PT3NB - VT171 KPFN2 - VT174
EPK -. VT172 KPFN3 - VT175
WPFN - VT173 KPFN4 - VT176

MET + H KPN V17
N + ME1 PT5 ME2 PT3 ME3

VT157 -T19 VT108 -Vr19- VT102 -VT198

NPLA P5PLL P3PL

VT128

ENK + ME4 PT5 MP2 _3 MP3
VT108 ".VT±99 VT103 V1200

=0 PT5NB |PT3NB48

EPK + MP4

ME1 IIIIILILI )(11DESUMEF
ME3~ J ULIPLYL_ DIVID VT20

" ME4 .•MULTIPLYI MJDVD . '

100 - 29SUMEF

22 I ISUMEF

Figure B-8. Fuel Request Calculation
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_! MP2• .MULTIPLYi DIr)VIDE ISUMPF
-- ••;_MP3 -- KPFN2 ' 1"100 2 . 2 VI 205

;MP MULTIPLY DIVIDE2

.:-"KPFN4 100 -2 22
,.::::SUMPF

.. WPFNj DIVIDE + + 1 hD

__: 7 2 SUMTF=32,700

2,• Figure B-8. Fuel Request Calculation
•; (Concluded)
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S~VTO 72

"-";SUMPF VT071 VT2 7 SELECT FMD SELECT T8
•- 4O O

SUMPF - VT072A

" BRANCH + MULTIPLY MULTIPLY M VT18O D C4

S13
;;E2 51

MIN

1" 0 

M L IPYVT180 
"

a-' DII E DIVIDE
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IIL

NOZR VT180-YNM1

2MULTIPLY TEMV VTIUNMl MULTIPLY TEM

!J!WZ1(niN K 2NU MTEMF TEMF

IIFYN1MLIL DIVIDE YNM1

KLAGD. L T18

Figure B-10. Fuet Request Filter Logic

248



.3276

VT128-NA8 G VT157-NA8VO

ASL
VTO8 CON EVTO-T8

:•: 14,0 25

ALA ~NON-NEG CN

B CVT35-VT081

Figure B-i1. Exhaust Nozzle Request Calculation
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SINITIALIZE: 1) GAINSi ~2) OPEN-LOOP FUELS, PRESSURES,

INTEGRTL TEMPERATURES ETC
3) SWITCHES FOR IZITIAEZING FILTERS

AND INTEGRALS

INTERPOLATIONINTERVAL

DETERMINATION

INTERPOLATION INTERPOLATION INTERPOLATION

INTERVA L 12 INTERVAL 2 INTERVAL 3

-• FILTERING LOGIC
• FOR T4 WHISTLE

INTEGRAL SPEED
AND
INTEGRAL TEMPERATURE:

1) INITIALIZE
2) INTEGRATE

,, 3) LIMIT

•: FUEL REQUEST

•'- CALCU LATION

:._

MODE SELECT
LOGIC

FILTER LOGIC

S~EXHAUST NOZZLE
SREQUEST EIE CA LCU LATION

Figure B- 12. Functional Flow Diagram Speed and Temperature

Control Program
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VTO1Z'24 - KEF] 1 VT075 -- KTF42
YT013 -4 WEF1 VT076/24 - KTF43( VT014 -. P3T14 VT077/24 --- KTF44

VTO15/2 4 - KEF14 VT078 10 WTF4

VTO16/2 4  0 KEF21 TIME = 0

VTO17 0 WEF2 SWLAG = 0
VT018 10 P3T2 ;SW= 0

VTO19/2 4  -- KEF24 VT082 -- TB1
VT083 - TB2

VT020/2 4 
- KEF31 VT084 - TB3

VT021 -4 WEF3 VT085 - T84
VT022 -0 P3T3 VT086 No P5T1

VT023/2 4 - KEF34 VT087 -0 P5T2

VT040/2 4  W KEF41 VT088 10 P5T3

VT041 - WEF4 VT089 P5T4

VT042 -W P3T4

VT043/2 4  0- KEF44

VT044/2 4 - KTF11

VT045/2 4 -0 KTF12

VT046/2 4 - KTF13

VT047/2 4  0 KTF14
VT048 10 WTF1

VT049/2 4 - P KTF21

VT050 - R KTF22

VT061/2 4 - N KTF23

VT062/2 4 -0 KTF24
Vr063 - WTF2

VTO64/2 4 
-* KTF31

VT065 - KTF32

VTO66/2 4 
- N KTF33

VT067/2 4 -0 KTF34

VT068 - WTF3
VT069 -4 KTF41

Figure B-13. Initialization Logic for Speed and Temperature
Program
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Figure B- 14. Interval Determination
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rrii2 (XRL) 4KE.F2STj-R14I (Q~)

SSUMJ

Al MULTIPLY KEFNl (XR1) TS T1 TST1 4 1 SI+ B$<ANCH NEG 0 R+G.EM

(IN:FC12 MULTIPLY C22 MJU LTI0 LY +

C111-TS2 " E -J 3LTU3IIN2F 2-1CC22 T. L2Xl1 X1
SETX1-TS 

KEF ) l TSUM 2

MJF7 'FN(R 1) TST? 0'+ACHE

, TI-L ,,{I]
1W C2-'Z3 U3 TSTI-XRI MULTIPLY C23 MULTIPLY + cl

STF l-4ST3 LP KEF3! (XR) KEF41 (XR1) +

Il 1/ýMUL-,IpLyIKEFN1 (XR2)TT'

F;gure B-15. Int,.rp',Iation Logic
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RIBV1lO? BRANCH 155,300 - TMPF A6MULTIPLYTI3PSPT3 6

TMIPF

TMPFPF

+ + IVIE KIHD ULTIPLY B6
A6 3000 PT

NET2202 MULTIPLY TMPF V1 102 MULTIPLY + DIVIDE KITHD
PT3 + 4350

06 ~~ ~ T MUTIL XT4 STDx45DVD

T MPFJ

TMPF TAU2T

0RNH + SWJX4 VT097 -XT4

10 + !41 rw

_TP ZER TO 1 o I(TU T 4
: XT4 0J

it-w

VF07 +DIVL) MULTIPLY X4 DIVIDE C6 TIL

XT4D1

Figure B-16. Filter Logic for T4 Whistle Sp.-ed and

Temperature Controller
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."9.w,

40 XT + LEAST-SIGNIFICANT PART OF XT4-VT9OO

S"r4WF-VT2 03

CXjT4

Figure B-16. Filter Logic for T4 Whistle Speed and
Temperature Controller (Concluded)
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ENKL ,

MW2 BRANCH NEG NK+ -ENKL-ENK

/\IENKL + v

EPKL

EPKL v

MW P RNHNG+ RNCH + -ETKL-ETK -- 4

(EPDK-.EPDK1 P

Fi~gur'e B-18. Limiting Logic for Integral Speed

and Integral Temperature
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VT128

+ BRAN H 0 P3E1 P3P
P5E1 135P MDW6NEG YJEF1 WEFN

VT128

P3E4 P3PL
mm NPI-4 BRANCH P,5E4 P5PL MDW

POS WEF4 WEFN--We

VT128 CX2 1 8- CX1
P3E1 - P31-
PSE1 - P51-

NPL2 BRANCH 0,+ MULTIPLY DIVIDE CX
MDW2 NEG 3300 WEF1 - WEFL

2' P3EZ - P3M
P3E2 - P5M
WEF2 WEFM

VT128
CX2 = 128 - C',1
P3E2 - P31-

+ r P5E2 - P5L.
MDW3 NPL3 BRANCH 0 MULTIPLY DIVIDE x

NEG 27 2475 WEF2 - WEFL

P30 - P3M
P5E3 - PSM
WEF3 - WEFM

VT128
CX2 = .128 - CX7
P3E3 - P31-

4 N 
P5E3 - PSL

W4 N:PL:4 M I IIIVIDE CX1
MD 3 _ý WEF3 - WEFL --- OJ

211 2=4 7 5 P3E4 - P3M
P5Z4 - P5M

WEF4 - WEFM,MULTIPLY
1/27 

PL

CX1 MULTIPLY CX2 MULTIP MULTIPLY
PSL P5M 1/27

SUMx

CX2 MU LT MULTIPLY

CX1 MUL IPL + 7 WEFN
1/2 MDW6

WEF WEFK, t

SU NIXx ]`ýý

Figure B-19. Interpolation for PT3, PT5 and Fuel Request
as a Function of Power Lever
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P3PL -OVT163 KEFN2 "VT1E7
ENK -OVT1b4 WTFN -VT168
WEFN -* VT165 KEFN4 "VT169

P5TNB -VT170 KTFN2 -VT174
P3TNB -,VT171 KTFN3 -VT175 MEPT
ETK - VT172 KTFN4 "VT176
KTFN -. VT173

MET N + MEI P15k ME2 P13 + ME3
VT157 T196 VT108 .T197 VT102 -VT198
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VT128

ENK + E4 PT5 + MT1 P13 MT2
VT108 .VT103 -VT199

0 P5TNB P3TNB

. ~ ~~VT200 ET M4

TBB3N VT

&M U LDIVIDE SUMEF ____

FE KEFN1 I2 V

ME2 JMULTIPLY[_ ._ DIVIDE V7202

F KEFN2 F 100u - 29R CaSUl

9SUMEF
SME4 MULTIPLY DIVIDE7

• EFN4 212

SUMEF

, Figure B-20. Fuel Request Calculation
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RETKTFN1 100- 29
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I .Figure B-21. Mode Select Logic
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K1IBNNZER KWLAC.12 V T180 UN1On

Figure Be22, Fuel Request Filter Logic
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* Figure B-23. Exhaust Nozzle Request Calculation

I"

4 263

-GT1

01



REFERENCES
I

B-I. Arnett, Samuel E., "Turbine Engine Control Synthesis, 1' AFAPL-
TR-74-113, Air Force Aero Propulsion Laboratory, Air Force
Systems Command, Wright- Patterson Air Force Base, Ohio,
December 1974.

B-2. "IBM 1130/1800 Assembler-Language," GN34-0062, IBM Corporation,
Systems Publications, Boca Raton, Florida, October 1971.

264



4- . . .-. • .,,,,,, .- .----'-----.-----.-.-..----- - __..__ _ _ __ _ __ _ _

APPENDIX C

RATE MODELS FOR INTEGRAL CONTROL

In Sections III and IV of Volume I, a rate model (Reference 5) with integral

control (Reference 6) is used in the linear quadratic synthesis (see Table 13

of Volume I).

The model is derived here. Spool speed notation is used although the results

are applicable to pressure and temperature.

N = aN+b +ce +1 (C-1)

e dN + fP (C-2)

where

* "N = Model spool speed

e = Error

P = Model power lever

Disturbance

and a, b, c, d and f are constants to be determined to yield good response
characteristics. Good response means that (1) N responds toP like a first-

"order plant, and (2) there is much integral control (sufficient to hold N against
steady load disturbances •i).

The model is derived in the following equations.

N fb(s + c/b) (C-3)

s - (a +bd)s - cd
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S-i -. , .,, - -" . •• . . w. , .. .. . . . .; • . • IC4QWU' Pi1 ',•

(a + bd) (a+ bd)-\1+ T

¥ (a + bd)
+b)(C-4)

Choose (a + bd)/2 and X (C-5,C-6)

Take
b =1.0 (C-7)
c = -bX(a + bd)/2 (C-8)

d (a + bd)/2 (C-9)bX

a = 2(a-bd) -bd (C-10)

Then

ff\(Xa + bdN 1 2 (C-il)

( s -f(a + _b 2. I

The transfer function and roots for Equations (C-1) and (C-2) are given by
Equations (C-3) and (C-4). If the second term in the radical is equal to -1, two
identical roots are obtained. This choice is made.

The quantity (a + bd)/2 is chosen equal to the desired pole position.

The value of X = 0. 75 yields an excellent approximation to first-order response.

Coefficient data are presented below. Equations (C-?), (C-8), (C-9), and
(C-10) yield a, b, c and d; is then selected by use of Equation (C-2) to yield

the correct stealy-state relationship between N and P.

Equation (C-11) presents the resulting transfer function. It is seen that X

positions the zero relative to the poles.
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Coefficient data

Root a b c d
-2.0 -1.3333 +1.0 +1.5 -2.6667

-4.0 -2. 6667 +1.0 +3.0 -5.3333

-10.0 -6. 6667 +1.0 +7.5 -13.333
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"APPENDIX D

SIMPLE OPTIMIZATION

A derivation is presented of the algorithm used for control simplification

(e. g., paragraph 3, page 131 through paragraph 2, page 134 of Volume I

for simple speed control). This derivation is a slight modification of the

original (pp. 7 - 19 of Reference D-1). The source program is listed in

Appendix I of Reference D-1.

The algorithm has more capability than was used on the Turbine Engine Con-

trol Synthesis contract. On this contract, the algorithm was used to find

the optimal (simple) gains at each of 12 operating conditions (four each for

dpeed, pressure, and temperature). The algorithm could have been used to

determine (say) the best single value of P3 gain (over the 12 operating con-

ditions), while the other gains (N, EN, PT5, etc. ) were optimized at each of

the 12 operating conditions. In this case, the P3 gain is "fixed" and the N,

EN, etc. , gains are variable; hence, the Reference D-1 name for th? algo-

rithm: "Fixed-Plus-Variable Gain (FPVG)." For this turbine control syn-

thesis, the fixedwgain feature was suppressed by working each operation

condition :epartely.

BA C KGROUND

The fixed-plus-variable (simple optimization) quadratic design procedure

helps to solve a technical problem which confronts the major technical issues

of engine control system design:

* High dimensionality

* Simplification

* Variability
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* I

High dimensionality is the reason the design procedure employs the theory

of quadratics. This theory has been used before, or. the B-52 LAMS (Ref.

D-2), the C-5A LAMS (Ref. D-3), and the YF-12 LAMS (Ref. D-4). All cf

these programs involved design of flexure control, where the dynamic order

of the models could be truncated to no less than 20 to 30 states.

Simplification arises because optimal quadratics, while promising solutions

to dimensionality, yield control systems of subbtantial complexity. They

demand feedbacks from all states to all controls. It is necessary to incor-

porate the constraints o± measurement feasibility and control complexity

into the fixed-plus-variable design procedure. These cor.straints were in-

corporated on the YF-12 LAMS program for single flight conditions and on

the F-4 Lateral Axis program (Ref. D-5) for single and multiple flight con-

ditions with fixed gains.

The third problem confronted is that of variability with respect to aero-

dynamic parameters, vehicle configuration, and mass distribution. Fixed

gains were used on the F-4 Lateral-Axis program over an entire flight

envelope, but the controller performance suffered because of it, even though

the aircraft does not have flexure problems as do the B-52 and YF-12. On

this contract (Ref. D-1), we use fixed-plus-variable gains to alleviate the

problem of variability.

The formulation of the fixed-plus-variable quadratic design procedure, and

the computational techniques used in the procedure, are discussed in this

Appendix.

PROBLIEM FORMULATION

The aircraft is represented at various points of the flight envelope and for

various configurations and mass distributions by a collection of p frozen-

point linear plants:
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St I

dt.
Sdi=F.x. + Gu+ Gi (D-1)

dt ii i 2

r. H. Hr. + Di.uIi t i = 1 , . . . P (D - 2 ) )

yi = Mix.
1 11

Here xi is the state vector for plant i which, for flexible aircraft, includes

the following dynamics:

* Rigid-body states

* Actuator and servo states

* Significant flexure-mode Ftates

* Low-frequency sensor states
P

* Model states (if state model-following is used)

* Kusner and Wagner states (associated with unsteady aerodynamics)

* Wind states (associated with atmospheric gust models). ii

The vector u. represents control variables, 1n is a unity variance white noise

vector, r is a vector of responses to be controlled (stresses and stress

rates, accelerations at selected fuselage stations, model-following errors,

control magnitudes and rates, etc. ), and yi is a vector of measurements

(accelerometer outputs, gyro outputs, etc. ). The matrices F. (open-loop
stability matrix), G (control input matrix), G (disturbance; input matrix),lii2
H. (response output matrix), D. (control output matrix) and M. (measure-

ment matrix) are of appropriate order.

The above enumeration of components, vectors, and matrices is for an air-

plane for which Reference D-l was concerned. Tables 40, 41, and 42 of

Volume I list comparable items for turbine control synthesis.
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We now look for a time-invariant controller of the form

ui = KiYi (D-3)

such that the following performance index is minimized:

p

= Z a.J. (D-4)
i=1

where

Ji = E{Tr[QiririT]} i = 1,2, .... p (D-5)

Here E 1 denotes expectation, Tr i Is the trace operator, and ( )T

denotes transpose of (

The Qi are quadratic weigh-s for -flight condition i which are selected through

quadratic equivalence or by means of a few trial design iterations (the art

of the design procedure). The ai are flight-condition weights selected as
needed, A few suggestions about how to select thern appears later in the

discussion of the specific examples. The cost functional J is a generalization

of the standard quadratic performance index of a single plant and represents

a weighted performance over the flight envelope.

For turbine control synthesis, an operating condition corresponds to a

flight condition in aircraft control synthesis. An operating condition for

turbine synthesis is given by: (1) equilibrium speed control at (2) sea level

static a.t (3) 70-percent power lever setting.

The gains matrices K. are in general of the form

K. =K 1 +K. 5  i =1....1 (D-6)
I I
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where K1 is a matrix of fixed gains constant over the flight envelope, and

K i are the matrices of variable gains which vary over the flight envelope.

For a fixed-gain design, the K. 5 are empty.
1

The necessary conditions for the optimality of the K. are obtained from the:? 1

Maximum Principle (Ref. D-6). Let us rewrite the performance index as

p
J= X aiTr ([Hi + Di KiMJ]TQ Q[Hi, DiKiMi] Xi} (D-7)

S~i1

where the covariance matrices

X XE . ,. i = 1,..., p (D-8)

"are solutions of the Lyapunov equations

o0 = + GX.KMl] Xi + X+ [Fi + GliKiM] T = 1, ... p (D-9)

Equations (D-7) and (D-9) are used to define a Hamiltonian:

p
H a Xi (Tr [H . + D iK.iM i] TQi [Rii + D iK iM i] X~

i=

+ TrS.,T[(Fi + GhiKiMi I Xi + Xi( F(. + GliKiMi )T (D-10)

+ G2 i1 G 2 iT

H is differentiated with respect to the covariance matrices Xi. the adjoint

matrices S. and with, respect to all the nonconstrained gains of the matrices51'

K and K. . The necessary conditions for optimality for this fixed-plus-
"variable-gain control are:
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aH )Tai (.+ ia1 4V GKWI

= 1 1 iX GiKiMj
(D-11)

+ G_ .G T (D-0ll)
+GaiG2i = 0; 1.

H F +a KF G K TS + Si [F+ GliKiMi
* -x. = i Gihi i M

+ a. (H. + DiKiM i) TQi( Hi+ D K M.~ = 0; (D-12)

i 1 .. 1. p

LKDm i=c1 (D-13)

I*+ GliTSi] x1 M'Tt ,tn = 0

for all noncoistrained elements K' of fixed matrix K1 .

(In the above, (A im denotes the tmth element of matrix A.

a . DiTQi (H. + D.K.M.}+ GliTS.1X.M.T = C; (D-14)

S•K~~~' m i ,
i p, for all nonconstrained elements K5tmi of the

variable-gain matrices K. 5 .
1

* K.i K 1 +gi; K i 1 ... , p (D-15)
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COMPUTATIONAL SOLUTION

The solutions of Equations (D-11) through (D-14) obviously do not exist in

closed form. Thus, an iterative gradient search is necessary.

Equations (D-11) and (D-12) are solved quite readily for arbitrary gains
matrices K. through the use of computer algorithms that have been avail-

able for some time (such as explained in Ref. D-7). The solutions of these

equations, the X. and Si, are used in the computation of the gradient com-

ponents of Equations (D-1 3) and (D-14).

The development of the iterative gradient search algorithm to solve Equa-

tions (D-13) and (D-14.1 was the main effort of this contract.

A Newton-Raphson gradient technique was already developed and used for a

fixed-gain design on the F-4 Lateral-Axis program (Ref. 1)-5)'; however, for

the fixed-plus-variable quadrati:. design, the number of components in

Equation (D-14) can be quite large, csusing insurmountable computational

difficulties with that technique, because it requires a matrix of second

ppartial derivatives.

Computing a matrix of second partial derivatives requires solving a Lyapunov

equation for each fixed gain and for each variab!e gain for each flight condi-

tion.

Other problems encourtered with the Newton-Raphson gradient technique

can be solved with a varia'lce stepsize,

Irn view of the problems with this gradient technique, we decided to go with

the straight gradient search, computing no second partial derivatives, and

using a variable stepsize. We did, however, use some ideas of the predictor

corrector schemne in implementing the gradient search. This resulted in

what we call the inmremental gradient.
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INCREMENTAL GRADIENT

Let Ki (k) be the gain matrix for plant i defined as

Ki(k) KI(k) + K5(X) + XKi 2 ; 0 f X S 1; i 1I.... p (D-16)

and let

1 5 2
Ki(1) K (1) + Ki (1) + KI (D-17)

be the optimal quadratic gains for plant i on the measurements yi found
through the soluti.on of the Riccati Differential Equation, * and let

K.(0) = K (0) +K5 (0) = KI +K.5 = K. (D-i18)

S. be the final gains matrix for plant i. The expression X, is a scalar param-

eter; K and Ki 5 are found by using the incremental gradient proVedure

which starts with initial gains K (1) and K. (1); K. are simply the difference

H between the optimal gains K (1) and initial gains K (1) + K. (1). F!II

In terms of I quation (D-16), the necessary conditions for optimality of K1
.' 5

and F. are that

U), f Kitmk

-tr = 0 
(D-19)

-an 4

=0 (D-20)

ý(This requires that the Mi be square and noisingular. They can be made so
Ly addiig direct measurements of states not necessarily measurable.
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In fact, if we start with X = 1 and satisfy Equations (D-19) and (D-20) for all

X in CO. 11, Equations (D-19) and (D-20) are certainly true for X = 0. At

the same time, we are ensuring with high probability that a global minimum
1 5of J(K + Ki ) is reached because we are starting in the "deepest valley of

J" and forcinig K to zero along the trajectory [KI(X, K5), Ki2; I k X 0o.

Since we are then "on the walls of the deepest valley, " along with the knowl-
1 K5

edge of JtK.(1 and J[Kl(0) + K (0)1, we can terminate the search for the
1 1.

global minimum.

Stein and Henke (Ref. D-5) used the Implicit Function Theorem which de-

fined K1 (in their case it was fixed gains only) from the solution of the dif-

ferential equation

d 1((k) 722 [ +IK2 a 2 JK 1(+K 2 ) (0-21) *

dX :K 1 KIT aK 1 x D-1

by starting with the known terminal condition K = KI + K2 for K = I and

integrating it backward toward K = 0. The method of numerical integration

used was that which used an Adams-Moulton Predictor and a Newton-

Raphson Corrector to step k from I to 0.

The main problem with this procedure is that the evaluation of the second

partial derivatives is very costly, and gets out of hand when the variable

gains are included. Another problem is that the predictor or corrector steps

are sometimes too big and can cause one plant or another to go unstable.

The incremental gradient procedure alleviates this problem by approximating

the second partial derivatives (discussed later), using a simple linear pre-

dictor, and a variable step size on the corrector. More than one gradient

direction per prediPtion step and the variable gradient step size more than

make up for the approximation and prediction simplification,

4K, K1 and K 2 must be stacked up as column vectors for this equation to
make sense. This is assumed.
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The incremental gradient procedure is summarized in Figure D-1 for a

Mingle-plant problem. Here, k is stepped to zero in five steps. There are
Sonly two gains, K1 and K 2 . We wish to eliminate K2 . However, if we

2 1
eliminate K2 without changing K1, the system is unstable, and a gradient

direction cannot be founa. (Thia frequently happens in real-world problems.)

The first prediction step is in the K2 direction only. (In practice, this

never presented a problem.) A correction is made with a Newton-Raphson

gradient search using approximate second partial derivatives and a variable

step size determined from a parabolic fit. The subsequent predictions are

extrapolations from the initial point through the last correction points. The

process continues for each step in K.

The predicted gains are

K: Kp1 (Xj+1) K KcI(Kj) + -Kc(X K X K j.] (D-22)

and

Kp 5(Xj+ K ic5(Xj) + [Kic5(X j K ic 5(j-l)];

(D-23)

i 1, .... p

where K. is the value of K on the jth predictor step, and the initial prediction

is zero. The "c" and "p" denote "corrected" and "predicted." The pre-

dicted gains are the initial gains for the gradient search. The corrected

"gains result from the gradient search.

For the variable step size for the gradient search, the performance index J

is computed for three step sizes -- 0, el, and 2C -- and fit to a parabola

21J(e) J(0) +Ae + (D-24)
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Figure D-1. Incremental Gradient Path
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* A minimum at

* £ = - A (D-25)
2B

is computed, where A and B are a function of the performances J(O), J(C 1 ),

J(2c 1 ) and k1 The logic for halving and doubling the step size for computing

these performances is discussed in Appendix I of Reference D-1.

THE GRADIENT TRANSFORMATION

An aircraft example presented a situation that exists on many minimization

problems. That is, the performance contours are extremely ellipsoidal.

This causes a straight gradient search to converge very slowly or not even

noticeably. The ideal situation is to have the performance contours be

spheroidal. Then the gradient direction would be right to the center of the

spheroid. This is shown in Figure D-2.

GRADIENT DIRECTION GRADIENT DIRECTION FROM
'FROM ELLIPSOIDAL SPHEROIDAL PERFORMANCE

PERFORMANCE CONTOUR CONTOUR

TRANSFORMED GRADIENT
g DIRECTION

Figure D-2. Comparis'on of Gradient Directions for
Two Performance Contours
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If a performance contour is extremely ellipsoidal, the effect of a spheroidal

contour can be realized by transforming the gradient vector. This effect is

also shown in Figure D-2.

For a problem with a second-order minimum, the ideal transformation is

that provided by the Newton-Raphson gradient direction, that is, the inverse

of the matrix of second partial derivatives. However, as stated before,

the evaluation of the second partial derivatives is very costly. Thus, an

approximation was used that works extremely well.

An element in the matrix of second partial derivatives mnay be written as

(assuming for the moment only a fixed-gains matrix for a single flight con-

dition stacked up as vectors):

B2 nJ(K) TIn T ax
KiK2R M XM + 2 K KR)(kiSG

k1 tm

(D-26)

+2 Z [(KTR)kt+(SG1)kl.Mm '1
k=1 L ( ]x Kkij

where X is the state covariance matrix, S is the adjoint matrix and

R = DTQD (D-27)

M denotes row k of M, and (X/KiK. 3) denotes the k column of the partial
k ~1J1 kderivative of X with respect to K 11

The approximation neglects the last two terms of Equation (D-26) because the

partial derivatives (6X/bKijl) require a Lyapunov equation solution for each

element in K . This approximation is not a bad one, for the two terms take
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care of any warping due to the change in X with resptct to K..11 and addi-
1 

a

tional gradient directions will take care of this warping.

To extend this transformation to the fixed-plus-variable design, it must

include the cross-correlation between measurements with fixed gains and

measurements with variable gains. To do this, the gradient vectors for

each of r controls must be stacked up end to end to form a vector

BK
r

T1

'3K511

i aJ(D- 28)T

b K 1

BJ K

rp
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ish* t ef imti K 5 isje

where K is the jth row of the fixed-gain matrix, ij is the row of the

variable-gtin matrix for flight condition t, J is the total coat, and Ji is the

cost for flight condition L.

The vector (3J/aK) has nf + nv p elements, whet.e nf is th- number of

fixed gains, n7 is the number of variable gains, and p is the number of flight

conditions.

The transformation of the gradient for We fixed-plus-variable-gain design

is then the inverse of the matrix in Figure D-3. That is

= 1--- (D-29)
3K 21K

where

Oijktm OaidjiT QldkiMfi JXLMimk (D-30)

In Equation (D-30), a is the flight condition weight, d.. is column j of Di,

Qi is the quadratic weighting matrix for flight condition i, and MtJi is the

measurement matrix for control j and flight condition i for the fixed gains if

1 1, or for the variable gains if , = 5. X. is the covariance matrix for

flight condition i.

Figure D-4 summarizes the incremental graclint scheme using the trans-

formed gradient.2
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FigLre D-3. Transformation Matrix

PNEDICT GAINS
I Kj-). KC L G (A) - KC W+AX)I

"K 50r - 0 K w 5Ai

(K 1(1-A).)- K1 1), K 5(1-A) K 5 (1))

CORRECT GAINS KC 0 0(,) K1i
5(NO

(TRANSFORMED GRADIE44T AND VARIABLE I
STEP SIZE)

-10 ES

STOP

Figure D-4. Incremental Gradient
Flow Diagram
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